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(57) Abstract 

Compounds useful as inhibitors of retroviral proteases characterized by structures (I) and (II) wherein the Xi and X2 
groups may consist of 0 to 2 a-amino add groups terminally substituted by hydrogen or one of a number of end groups, and the 
R* and R2 group can be selected from a wide variety of hydrocarbon radicals. 
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TTTTP. 

5 RETROVIRAL PROTEASE INHrorrORS 

BACKGROTTNn OF THK TNVFNTrnM 

This invention idates to conapounds which are inhibitois of aspaitic proteases, 
particularly of retroviruses. 

10 Retroviruses, that is, viroses within the famUy of Retroviridae, are a class of viruses 

which transport their genetic material as ribonucleic add rather than deoxyribonucleic acid. 
Also known as RNA-tumor viruses, their presence has been associated with a wide range 
of diseases in humans and animals. TTiey are believed to be the causative agents in 
patiiological states associated with infection by Rous sarcoma vims (RSV), murine 
15 leukeiniavinis(MLV), mouse inammaiy tumor virus (MNm^). feline leukeiniaviTO^ 
(BbLV), bovine leukemia vims (BLV), Mason-Pfizer monkey virus (MPMV), simian 
sarcoma vims (SSV), simian acquired immunodeficiency syndrome (SAIDS), human T- 
lymphotropk: vims (HTLV-I, -U) and human immunodeficiency vims (HIV-1, HIV-2), 
which is the etiologk; agent of AIDS (acquired immunodeficiency syndrome) and AIDS 
20 related complexes, and many others. Although the pathogens have, in many of these cases, 
been isolated, no sarisfectoiy method for treating this type of infection has been developed. 
Among these viruses, the HTLV and HIV have been especially weU characterized. 

Critical to die replication of retrovimses is the production of functional viral 
proteins. Protein syntiiesis is accompUshed by translation of the open reading ftames into 
polyprotein constracts. coxresponding to die ag. BQl and sny reading frames. The gag and 
jjqI precursor proteins, are processed by a viral protease into the functional proteins. The 



25 
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mV-l protease has been classified as an aspardc acid protease (Meek et aL, Proc, Natl. 
Acad. Sci-USA- ^ 1841 (1989)). The proteolytic activity provided by the viral protease 
in processing the pdlyproteins cannot be provided by the host and is essential to the life 
cycle of the retrovirus. In UcU it has been demonstrated that retroviruses which lack the 
5 protease or contain a mutated form of it, lack infectiviQr. See Katoh et al., VIrologv. 145, 
280-92(1985), Giuwford. ef aL, L ViroL. 53, 899-907(1985). Debouck, et aL, Prpg, Natl 
Acad. Sci. USA. 84, 8903-6(1987). Inhibition of retroviral protease, therefore, presents a 
method of therapy for retraviral disease. 

Methods to express retroviral proteases in E. coli have been disclosed (Debouck, et 
10 al.. Proc. NatL A<^d. Sci. USA> 8903-06(1987) and TomasseUi et al.. P^Qchffipi5?try, 22, 
264-9 (1990) andrefs. tiierein). 

Inhibitors of recombinant HIV protease have been reported (Dreyer et al., Proc. 
Natl. Acad. Sci, USA. 86, 9752-56 (1989); TomasseUi et al. supra: Roberts et al.. Science, 
248. 358 (1990); Rich et al., J. Med. Qiem,. 2i 1285-88 (1990); Sigal et al., Eur. Pat 
15 AppL No. 337 714; Dreyer et aL Eur. Pat AppL No. 352 000). Moreover, certain of these 
inhibitors have been sho\m to be potent inhibitors of viral proteolytic processing in cultures 
of HIV-l infisctedTrlymphocytes (Meek et al.. Nature fLondonl 90 (1990) and by 

Roberts et al. .Sinaa X 

The limitations of current strategies for aspartic protease inhibition include (1) oral 

20 bioavailatdUty; (2) plasma clearance lifetimes (e.g., through biliary excretion or 
degradation); (3) selectivity of inhibition; and (4) in the case of intracellular targets, 
xmrnbrane pcnrneability or cdlular uptake. The present invention relates to a new inhibitors 
of retroviral and aspartic proteases. Unlike previously described inhibitors , tiie 
compounds of tins iiivention are not analogues of peptide substrates possessing a scissile 

25 dipeptide mimetic. They also deviate substantially from peptide substrate-like structure in 
that they do not possess a conventional amino-to-cart)oxyl terminus orientation. 

SUMMARY Qf WE promON 
This invention comprises compounds having the stmctures particularly pointed out 
30 in die claims and described hereinaf^ which bind to retroviral proteases. These 

compounds are inhibitors of viral protease and are useful for treating disease related to 
infection by \iruses. ; / 

This invention is also a pharmaceutical composition, which comprises an 
aforementioned compound and a pharmaceutically acceptable carrier therefor. 
35 This invention f ufdier constitutes a method for treating viral diseases, which 

conqjris^ admixuscering toi manunal in need thmof an effective amount of an 
aforraientioned ii^ibitor confound. 
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Dmn.T^DRSn?TmONOPTHEINVFNTfnM 
The coiiq)ouncis of this invention have the structure I or H: 

HO 6 

5 I n 

wherein and X2 are the same or different and are A-(B)n- where n = 0-2; and 

B is, independently, an a-annno acid chosen from die group: Ala, Asn, Cys, Tip, 

Gly, Gin, He. Uu, Met, Phe, Pro, Ser, Thr, Tyr, Val, His, or trifluoroalanine. wherein the 

anrino group of B is bonded to A or the carboxy group of the adjacent residue B, whichever 
10 is appropriate, and the caiboxy group of B is bonded to the amino group of the adjacent 

residue B or I or n, whichever is appropriate; and 

A is covalently attached to the amine group of the adjacent residue B or to the amine 

group of I or n if n=0, and is: 
1) trityl, 
15 2) hydrogen, 

3) Ci-Cgalkyl, 

4) r3-C0- wherein r3 is: 

a) hydrogen, 

b) Ci - Cg alkyl, unsubstituted or substituted with one or more 
20 hydroxy! groups, chlorine atoms, or fluorine atoms, 

c) phenyl or naphthyl unsubstituted or substituted with one or more 
substituents R^, wherein R'^ is: 

i) C1.C4 alkyl, 

ii) halogen, whrein halogen is F, Q. Br or I, 
25 iii) hydroxyl, 

iv) nitro, 

v) Ci - C3 alkoxy, or 

i) -CO.N(R10)2 wherein rIO is, independentiy, H or C1-C4 alkyl: 

d) a 5-7 member heterocyclc such as pyridyl, furyl, or benzisoxazolyl; 
■ 30 5) phthaloyl wherein the aromatic ring is unsubstituted or substinited with one 

or more substitutents R"* 

6) R5(R6r7Qj^.cO- wherein m - 1-3 and r5, r6, and r7 are independently: 

a) hydrogen, 

b) chlorine or fluorine. 

35 c) Ci - C3 alkyl unsubstituted or substituted with one or more chlorine 

or fluorine atoms or hydroxyl groups. 
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(P hydioxyl, 

e) phenyl ior naphthyl unsubsdmted or sobstituted with one or more 
substimtents r4, 

f) Ci - C4 alkoxy. 

5 g) a5-7iQanberheteiocycle, 

h) R^, R^. and R*^ may be independendy joined v> fonn a monocyclic, 
ticydic, or tricydlic ring system each ring of which is C3-C6 qrcIoalkyU 

7) r5(R^7C)^jW- wherein m = 1-3 and W is OCO or SO2 and r5, r6 and 
R'7 are as defined above, dccept r5, r6 and R^ are not chlorine, fluorine or hydroxyl if 

10 ihey are adjacent to W; 

8) r8-W- wherein r8 is a 5-7 member heterocyde such as pyridyl, iuryl, or 
brazisoxazo^; 

9) r9-W- wherein b9 is phenyl ot nqjhthyl unsubsrimted or substinited with 

one or more substiiuents R^ 
15 10) R5r(R6R7c)ni-P(0)(ORl 1)- wherein r1 1 is Ci - C4 alkyl or phenyl; 

11) R8-P(OXORll)-;or 

12) r9-P(0)(0R11)-; 

rI and R^ are die same or different and are: 
1) -CH2RI2 wherein r12 is 

20 ' a) NH-A wherein A is defined as above; 

b) R5.(R6R7C)ni-; 

c) R5-(R6R7c)niV- wherein V is O or NH, except r5r6 and r7 are 

not hydroxyU chlorine or fluorine if they are adjacoit to V, 

d) R5-(R6R7c)ni-S(0)n- wherein m = 1-3 and n = 0-2 and r5, r6, 

25 and R7 are as defined above except R5, r6 and R7 are not hydroxyl, chlorine or fluorine if 
diey are adjacen to snifiir, 

e) R8-S(0)n-, 

f) R9-S(0)n-. 

g) (r13o)P(0)(OR1^> wherein r13 and R^^ are, independently: 

30 i) Ci-Cealkyl. 

ii) Cs-Cgcycloalkyl 

m)H, 
iv)R9 
V) r8, 

35 h) Rl3p(0)(ORl4)-, 

i) N(RlO)2. 
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j) NR15r16 wherein r15 and R16 are joined to form a 4-6 membered 
saturated nitrogenous heterocycle including: 

i) azetidinyl, 

ii) pyxTolidinyl, 

5 ill) piperidinyl, 

iv) moipholinyl, 
k) r170CH20 wherein r17 is: 

i) Ci-Cgalkyl, 

ii) R9, 

10 iii) CH2Ar wherein At is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) Rl70CH2C3i20CH2, 

m) N-imidazoly] where the imidazole ring is unsubsdtuted or subsntuted 
by a substituent R^, 

15 n) N-Benzimidazolyl where the fused benzene ring is unsubstituted or 

substituted by one or more subsdtuents R^, 

o) C2 - Cg alkynyl, optionally substituted witii one or more groups r9; 

or 

P) C2 - C6 alkenyl, optinally substituted witii one or more gropus R^; 
20 2) hydrogen, 

3) Ci - C6 unsubstituted or substituted witfi one or more chlorine or 
fluorine atoms or hydroxyl groups, 

4) C3 - C7 cycloalkyl; and pharmaceutically acceptable salts tiiereof . 

Peptide compounds of die foregoing description are preferred which are C2 
25 symmetric wherein Xl=x2 and RieR2. 

Suitably die compound has structure I and Ri - R^ and = X^. 
Suitably Rl and R2 are Ci-CsalkyL Preferably Rl and R2 are benzyl. 
Suitably XI and X2 are AlaAla, Val, Cbz-Val, Cbz or hydrogen. Preferably X^ 
andX^areCbz-VaL 

30 The compounds of this invention are useful in the manufacmre of a medicament, in 

particular, for a medicament for treating infection by retroviruses. 

C2 symmetric peptide compounds wherein Ri and R2 are Ci-Cg alkyl or aralkyl 
and Xl and X^ are single amino acids or mono- or dipeptides; these groups may be 
terminally substituted by common acyl groups or blocking groups commonly used in 

35 peptide synthesis, such as t-Boc or Cbz, are also preferred. 
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Also included in ^ invention axe phaimaceutically 'accq)table addition salts, 
complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be 
any covalentiy bonded earners which release the parent drug. 

As used herein except where noted» the term "alkyl*' refers to a straight or branched 
5 drain all^l radical of die indicated number of carbon atoms including, but not limited to, 
methyl, ethyl, n-jropyl, isqpropyU n-butyl, sec-butyl, tert-butyl, n-pentyl, 1-metiiylbutyl, 
2,2Hiirnediylbutyl» 2-medrylpentyl, 2,2<Klinrethylpropy n-hexyl, and the like; "alkoxy" 
represents an alIc/1 group of the indicated number of carbon atoms attached through a 
bridging oxygen atom; "cydoalkyr' is intended to include staurated ring groups, such as 

10 cyclopropjd, cyclobu^l, c^dopentyl, cydohexyl and cycloheptyl; "alkenyl" is meant to 
include ddier strai|^t or branched hydnx:arbon chains containing one or more carix)n- 
carbon double bcmds which may occur at any stable point along die chain, such as ethenyl, 
piopenyl, butenyl, pehtenyl, 2-mediyl propenyl, and die like; "alkynyl" refers to dther a 
straight or branched hydix)cail>on chain or the indicated number of carbon atoms which 

15 contains a carbpn-carix)n triple bond which may occur at any stable piont along the chain, 
such as efliylyl, 2-prDpynyl, 2-butynyl, 4-pentynyl, 2-mediyl-3-propynyl, and the like. 

As used herein except where noted, die tenm "heterocycle" represents a stable 5- to 
7*menibered mono- or bicydic heterocyclic ring, ^ch is dffier satureated or unsaturated, 
and which consists of carbon atoms and from one to three heteroatoms selected from the 

20 group consisting of N, I and S» and wherem the nitrogen and sulfur heteroatoms may 
optionally be oxidized, and die nitrogen heteroatom may optionally be quatemized, and 
induding any bicycHc group in whidi any of die above-defined heterocyclic rings is fused 
to a benzene ring. The heterocyclic rings may be attached to any heteroatom or carbon atom 
which results in die creation of a stable stmcture. Examples of such heterocyclic elements 

25 including piperidinyl, piperasanyl^ 2-oxqrinerazinyl, 2-oxopip«idinyl, 2-oxopyrrolodinyl, 
2H)xoazepinyl, azqstnyl, pyriolyl, 4-piperidonyl, pynolidinyl, pyrazolyU pyrazolidinyl, 
imidazolyl, pyridytipyrazinyl, pyrimidinyl, prydiaanyl, oxazolyU isoxazolyl, morpholinyl, 
tfaiazolyl, quinuclidmyt indolyl, quinoHnyl, isoquinolinyl, benamidazolyl, benzopyranyl, 
benzoxazoyly, fiiryt tetrahydrofuryl. tetrahydrophyranyl, thienyl, thiamorpholinyl 

30 sulfoxide, thiamorpholinyl sufone, and oxadiazolyL 

When any variable (e.g.. A, B, Rl, r2» r3, r17^ heterocycle, substituted 
phenyl, etc.) occurs more than one time in any constituent or in formula I or n, its 
definition on each occurence is independent of its definition at every other occurence. Also, 
combination of substituents and/or variables are pennissible only if such combinations 

35 result in stable conq^unds. By convention used herein, a geminal diol, for example when 
R6 and R7 are simiiltaneiously hydrowyl, is meant to be equivalent with a carbon-oxygen 
double bond. 
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Otiier abbreviations and symbols commraly used in the art used herein to describe 
the peptides include die Mowing: 

AgfiLBSad three I fflCTCTdC Amamd three letter code 

Alanine Ala Leucine Leu 

AiSinine Aig Lysine Lys 

Asparagine Asn Mediionine 

MwiticAcid Asp Phenylalanine phe 

Q^stemt Cys Proline Pro 

Glutamine Gin Serine Ser 

GIutanunicAcid Glu nneonine nu- 

nSL 9^ Tryptophan Tip 

Histidme His ^^TOsine Tvr 

Isoleucine Be Valine \4l 

AspaiaginearAspaiticAcid Asx 

Glutamine or Glutamic Acid qIx 

5 In accordance with conventional representation, die amino tenninus is on the left 

andthecarborjrtenmnusisondierighL All chiral amino adds (AA) can occur as 
raccmatcs, racemic mixtures, or individual enantiomcrs or diasteriomers, with all isomeric 
forms being included in die present invention. p-AIa refers to 3-amino propanoic add. Boc 
refers to die t-butyloxycaibonyl radical, Cbz refers to the caibobenzyloxy radical, i-Bu 
10 refers to isobutyl, Ac refers to tiie acetyl, Ph refers to phenyl, DCC refers to 

. dicydohexylcatbodiimide, DMAP refers to dinwtiiylaminopyridine, HOBT refere to 1 - 
hydroxybcnzDtriaTole, NMM is N-metiiytaiorpholine, DTT is didiiotiii«toI. EDTA is 
cdiylenediamine tetraacetic add, DEA is diisopropyl etiiylamine, DBU is 1, 8 diazobicydo 
[5.4.0] undec-7-ene. DMSO is dimcdiylsulfoxide, DMF is dimediyl formamide and THF is 
15 tetrahydrofuran. HF refers to hydrofluoric add and TFA refers to trifluoroacetic add. 

The pqitide mdeties d«ioted by and are generally dipeptides or smaller. 
However, longer peptides which encompass die residues defined herdn are also beUeved to 
be active and are C(»isidered witiiin die scqie of dus invention. 

The sdectiwi of residues or end groups may be used to confer favorable 
20 Wochemical or physico-chemical properties to die compound. The use of hydrophilic 
residues may be used to confer deso^le solubility properties or D-amino adds at die 
carboxy terminus may be used to confer resistance to exopeptidases. 

Syndiesis of componds I in which Rl ~ K^^Ca2, = R^. and xl = x2 is 
achieved ftom D-(+)-arabitol (Schemes 1-2). Thus, D-(+)-arabitol is converted to 1.2:4.5- 
25 Dianhydro-3-(0-benzyl)-D-(+)-arabitol (10) as described by S.L. Schreiber, T. Samnakia 
and D.E. Uehling, J. Org, ChgTTl. 54, 15-16(1989). Thediepoxide 10 can then be reacted 
widi NaN3 in DMF to provide die resulting dihydroxy terminal diazide. which is converted 
to die protected diaziridine, 1.2:4,5-Di-(N-ben2yloxycarix>nylimino)-3-(0-ben2yl)pentanol, 
by dime^lation of die dihydroxy terminal diazide followed by reduction widi LiAlH4 with 
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conconmiitant diaamdine formadoa followed by reaction mth benzylchlorofQnnate. The 
resulting diaziridine is reacted mttk q)propriate nucleophiles such as (CH3)2CuLi, to 

introduce the side-dtain groups (Scheme 1). This procedure is especially suited to the 
preparation of compound I v/him = CH2R^2 where R^^ is hydrogen or is a poup that 
5 form a stable and reacdve cuprate reagent, such as methyl, butyl, isopropyl, or other alkyi, 
alkenyl or aryl which is optionaUy substituted, for exaniple with fluorine or alkoxy or 
protected hydroxyL 

^ . Alternatively, compounds represented by formula I in which r1 = r12cH2, R^ - 
r2, and s can be prepared from die diepoxide 10 by reaction with appropriate 
10 carbon nucleophiles such as cuprate reagents (R^2)2CuLi or alkynylaluminum reagents to 

introduce die side-c^ain groups R^ (Scheme 2). This procedure is also especially suited to 
the preparation of compound I where R^ =^ CH2R^^ where r12 is a group diat forms a 

stable and reactive ciq>rate reagent, as described above. The resulting diol product is 
converted to the corresponding diamine with inversion of configuration at the alcohol 
IS carbons. One way in which tiiis is accomplished is via conversion of the diol to the 
dimesylate, by reaction with metiianesulfonyl chloride and triethylamine, followed by 
displacement witii NaNs in DMF to provide the substituted 2,4Kliazido-3- 

benzyloxypentane; conversion to the 2,4-diamino derivative follows by reduction witii a 
hydride reagent sudi as tiAlH4 or by catalytic hydrogenation with a catalyst such as Pd(0) 

20 or Ran^-Ni to provide the c<^ stracture I (Scheme 2), Introduction of the groups = 
ifi is accomplished by standard condensation reactions as are well known in die art 

Compound I in which R^^ is NH-A can be prepared from the diepoxide 10 by 
reaction with NaN3 iil DMF to provide die resulting dihydroxy terminal diazide, which is 

converted to the corresponding teftraazide widi inversion of configuration at the alcohol 
25 carbons as described above, and subsequendy to the corresponding tetraamine. Selective 
reaction of the termuial amines widi groups A or with protecting groups such as Boc or Cbz 
is tiien followed by introdution of die groups X^ = X2. In a related fashion^ oups R^ = 
r2 in compounds I in which r1 is N(R10)2, NR15r16 r5.(r6r7c)j^v. or 
R5(R6R7Oni-S(0)n- can be introduced by reaction of diepoxide 10 witfi the appropriate 
30 oxygen, nitrogen^ or thiol nucleophile, with subsequent thiol oxidation as necessary; 
reaction of diepoxide 10 widi the appropriate phosphoms nucleophile in an Arbuzov or 
\fichaelis-Arbuzoy reaction allows introduction of gropus R^ = R^ which are 
(R130)P(0)(0R1^ or r13P(0)(OR14).. 

Altemativeiy, compounds represented by I can be prepared £nom protected alpha- 
35 amino aldehydes P^NHCH(R1 )CHO, The required N-protected alpha-amino aldehydes are 
readily prepared fitkm die respective N-prptected alpha-amino acids p2nhCH(R1)C02H. 

for example by reduction of the cprresponiding esters with diisobutyl aluminum hydride, by 
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L1AIH4 (Fchitntz and Castio. Sjouhfias 676 (1983)). or by reduction to die N-protcctcd 
alpha-amino alcohol foUowed by oxidation widi DMS0-(C0a)2 or SOs-pyiidine (Review 
Juiczak and Golcbio^sJd,QismES!LM, 149 (1989)). Generally die amino protecting 
5 group P2 is t-Boc-. Cbz-. p-toluencsulfonyl or anodier standard protecting group chosen 
as wen known in die peptide art TTiesyndiesisof Iprweedsviapr^aiationof an 
uitemiediate p2nH(R1)C3I(OH)CH(r2)COQ by aldol condensation widi an acyl 
derivative. r2cH2COQ. under die conditions of Evans et al. (Evans. Ennis and Madiie L 
Am . Clicm . .Son 104. 1737-39 (1982): Review: Evans. Nelson and Taber. in 

10 StCTgQffhftmi^tTY . Vol 13; Allinger. Eliel. Wilen. eds.; Wdey. 1982; pp 1-114 ) wher« Q is 
a chiral auxiliary used to direct die stereochemical outcome of die aldol r«iction Ind is often 
die oxazolidinone derived ftom vaUnol. norephedrine, or phenylalanoL Hydroxyl 
protection uddi a protecting group pl such as TBDMS or benzyl and subsequent hydrolytic 
removal of die group Q yields die intermediate P2NH(Rl)CH(OPl)CH(R2)C02H which 

15 is subjected to Curtius rearrangement (Reviews: Bandiorpe, in Patai. The Chemistry of die 
Aado Group." pp. 397-405. Interscience Publishers. NY. 1971; Smidi Orgjleact 3 

337.449(1946))toprovidcdiecompoundp2NH(Rl)CH;OPl)^i^^S^iL 
unsymmetricaUy protected fomi of I. TOs route is versatile in diat it allows access to all 
stooisomers of coinpounds I and to unsymmetrical compounds I. in which Rl. r2 ^ 
20 different and Xl.x2 arc different 

Syndiesis of compounds represented by formula n is achieved by oxidation ^ die 
ct^ hydroxyl group widiin die corresponding compounds I. as is well Icnown in die art. 
Useful oxidation reagents mclude, but are not Bmited to. Jones Reagent (C0a)2-DMS0. 
pyiidinium dichromate. and pyiidinium chlorochioraate. 
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Hther enandbmer of con^unds of souctures I and n can be pr^ared from the 
respective enantbmer of arabitd by die pnaceduies shown in Schemes 1-2. 

Synthesis of I 




1) p-TsCI 

2) NaH,DMF 

3) Bn^ 



BnO 
Bn « benzyl 



1}NaNa,DMF 

2) MsCl. BsN Cbz-N^^^^^^N-Cbr (R^gCuU 



3) UAIH4 

4) Cbz-CI 



BnO 



R' R- R^ ^ 




OBn HO 



I 



10 Synthesis of I 



RV. ^R' 1) MsCI. BaN 



BrtO BnO 3) LiAIH4 



10 



Bn<s benzyl 

R' R- f 




OBn HO 

I 
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Accoidin^y, in another aspect, this invention is a process for preparing a 
confound of the fonniila: 

R* R- 

R*'R"N''^Y^NR-R'» 
5 OR" 
wherein R' is 

1) a) NH-A whacin A, r5. RW and m are as defined for formula I; 

b) r5^6r7c)„.; 

c) r5.(r6r7c),„ V- wherein V is O or NH, except r5, r6 and r7 are not 
10 hydioxyl. chlorine or fluorine if they are adjacent to V, 

d) R5.(R6r7c)^.s- wherein m = 1-3, and r5, r6 and r7 are as defined 
above except r5, r6, and r7 are not hydroxyl, chlorine or fluorine if they are adjacent \o 
sulfur, 

c) R8-S-, 

15 £) r9.S.. 

g) (R130)P(0)(0R14). wherein r13 and R14 are. independendy: 

Ci-Cgalkyl. 

ii) C3-C5cycloallQrl, 

iii) H, 

20 iv) r9 or 

V) R8, 

h) Rl3p(0)(0Rl^)-, 

i) N(RlO)2, 

j) NR15r16 wherein r15 and R^^ are joined to fonn a 4-6 raembercd 
25 saturated nitrogens heterocyde including: 

i) azeddinyl, 

ii) pyirolidinyl, 

iii) piperidinyUor 

iv) raorpholinyl, 

30 k) Rl7cx3l20 wherein r17 is: 

i) Cl-C6aikyl, 
u) r9 or 

iii) CH2Ar wherein Ar is phenyl, njq)hthyl or a 5-7 raembered 

hetero^cle, 
35 1) RI70CH2CH2OCH2. 
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m) N-imidazolyl where the imidaiole ring is unsubstituted or substituted by 

a substituent 

n) N-benziinidazolyl where the fused benzene ring is unsubstituted or 

sabsdtnted by one or more subsdtaents R^, _ 
5 o) C2-C6 alkynyl. optionally substituted widi one or more groups R^; or 

P) C2-C6 ajkenyl, optionally substituted witii one or more groups R^; 

2) hydrogen, 

3) Cj-Cg alkyl, unsubstituted or substituted witfi one or more chlonne or fluonne 

atoms OThydroxyl groups, or 
10 4) 1C3-G7 cycloalkyi, 

R" is a hydrojcyl protecting group, and 

R'" and R"* arc hydrogen, an amino-protecting group or taken together are N2, 
whidi comprises 

1) reacting a compound of the formula: 



15 



R"0 



witii a conq)Ound R'-Z, wherein Z is a moiety which renders K' nucleophilic. and R" is a 
hydroxyl protecting group, 
20 2) converting die resulting hydroxy groups to displaceable groups, 
3) reacting die displaceable groups with a nitrogen nucleophile. 

Hydioxyl protecting groups are tfiose groups which are commonly used in the art to 
mask tfie reactiviQr of tiie hydroxyl group, while also capable of being selectively removed 
to regenerate die hydroxyl group. Typically, die oxygen-hydrogen bond is replaced by an 
25 oxygen-caibbn bond. Useful hydroxyl protecting groups cse described in Greene. T.W.. 
f j^f^^. firt^ims in On»,nir. Synthesis. John \Wley & Sons, New York (1981), but many 
od»ers are weU known in the art The arylmefliyletiiers. substituted or unsubstituted, are 
one particularly useful class of groups for protecting d»e hydroxyl group. The benzyl 
protecting group, optionally wiUi substituents upon die aryl ring, is useful. 
30 Typically Z is hydrogen, an alkali metal, such as U, Na or K, or an earth metal, 

such as magnesium, or a transition metal, such as copper, aluminum, titanium, zinc or 
cadrrnum, or a species derived dierefrom. Representative of R'-Z are optionally substituted 
alkyl. aryl orhettroaryl Utiiium. alkyl. aryl or heteroaryl magnesium halides (eg. Grignard 
reagents), lidaum dialkyl cuprate. liduum diaryl cuprate. or die alkaU metal salts of 
35 optionally svtostitnfcd alkyl alcohols, phenols or ben^l alcohols. Udiium diphenyl cuprate 
is especially useful. 
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The hydiojqrls are converted to suitable displaceable groups, such as mesylate, 
tosylate, brosylaie. bcAzoate, acetate and halidc, by metiicds conomon in the art The tosyl 
group is especially suitable and is ftnmed by reacting the hydroxyl groups with tosyl 
chloride, for instance. 

5 Suitable nitrogoi noclcophiles are those which are able to react with a displaceUe 

group. Unhindered organic amines or hetercx^les, metal salts of aounes, heteiocycles or 
azide are useful Generally an nitrogen containing group of Ae formula R"'R'»N-Z, 
wherein Z is as defined above and R'" and R"* are hydrogen, an amino-protecting group or 
taken together are (eg. azide) are useful A metal azide, such as sodium or potassium 
10 aade, is preferable. Subsequent reduction oftheazido groups provides amino groups. 
Particularly useful intermediate compounds of this invention are: 




IS wherein R' and R" are as defined above. 

The con^)ounds of tins invention are prepared by die solid phase technique of 
. Merrifield (J. Am, Chcm. SfiC.. £5, 2149 (1964), or preferably by solution metiiods 
known to tiie art A combination of solid phase and solution ^diesis may be used, as in a 
convergent syndicsis in which di-, tri-, or tctra-peptide fragments may be prepared by solid 

20 phase ^dieas and dtiier coupled or furtiier modified by solution synriiesis. The metiiods 
of peptide syntiieas genaally set fonh in J. M. Stewan and J. D. Young, "Solid Phase 
Peptide Synthefns". Pierce Qemical Company, Rockfbrd, 0 (1984) or M. Bodonsky, 
Y.A. Hauser and M. A. Ondetti, "Penride Sviith«.ri<i" John Wiley & Sons, Inc., New 
York, N.Y. (1976), or "TTie Peptides" gross and Mdenhoffer, eds.; Acad. Press, 1979, 

25 Vols I-in, may be used to produce die peptides of tfus inventi<Mi and are incorporated herein 
by reference. 

Each amino arid or peptkle is suitably protected as known in tiie peptide art. For 
example, die Boc- or carbobenrjrloxy-group is prefsrred for protection of tiie amino group, 
especially at die a position. A benzyl group or suitable substituted benzyl group is used to 

30 protect die mercapto group of cysteine, or odier thiol containing amino adds; or tfie 

hydroxyl of serine or tfueonuie. The tosyl or nitro group may be used for protection of die 
guanidine of Arg or die imidazole of His, and a suitably substituted carbobenzyloxy group 
or benzyl group nmy be used for die hydroxyl group of Tyr, Ser or Thr, or die e-amino 
group of lysine. Suitable substitotiai of die carixjben2yloxy or benzyl protecting groups is 

35 ortfio and/or para substimtion widi chloro. bromo, nitro or metiiyl and is used to modify 
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die teacdvity of the piptecdve group. Cysteine and odier suUur-containing amino acids 
may also be protected by formation of a disulfide wifli a thioalkyl or diioaryl group. Except 
for the Boo group, Ac protective groups arc, most oonvenientiy , diose which are not 
removed by mild acid neataaent These protective groups are removed by such methods as 
5 catalytic hydiX)genation, sodium in liquid ammonia or HF treatment as known in die art 

$olid pha^e metiKxis are used, the peptide is built up sequentially starting from the 
carboxy tenninus and woridng toward the amino terminus of the peptide. Solid phase 
syntiiesis is begun by cpvalentiy attaching tiie C temunus of a protect amino acid to a 
suitable resin, such as a benzhydrykunine resin (BHA), metiiylbenzhydrylamine resin 

10 O^HA) or chlorometiiyl resin (CMR), as is generally set fordx in U.S. Patent No. 
4,244,946, A BHA or MBHA support resin is used for tfie caiboxy terminus of the 
product peptide is to be a carboxamide. A C^IR support is generally used for the carboxy 
tenninus if the produced peptide is tt> be a carboxyl group, altiiough this may also be used 
to produce a carboxaitude or ester. 

15 Modification of the terminal amino group of the peptide is accomplished by 

all^lation or accQ^latibn as is generally known in the art These modifications may be 
carded out iq)on the ammo add prior to incorporation into die peptide, or upon die peptide 
af^ it has been synthesized and die terminal annuo group Uberated, bu^ 
protecting groups have been removed. 

20 * Typically, acetylation is carried out upon the fiee amino group using die acyl halide, 
anhydride or acti^^ted ester, of die corresponding alkyl add, in die presence of a t^axy 
amine. Mono-alkylation is carried out most oonvenientiy by reductive alkylation of the 
annuo group with^ appropriate aliphatic aldehyde or ketone in the presence of a mild 
reducing agent, such as liduum or sodium cyanoborohydride. Diall^lation as well as 

25 quatemization may be carried by treating die amino group with an ^cess of an alkyl halide 
in the presence <^ a base. 

Solution synthesis of peptides is acconq)lished using convmtional mediods used to 
form amide bonds^ Typically, a protected Boc-amino acid which has a free carix}xyl group 
is coupled to a protected anrino add which has a free amino group using a suitable 

30 carbodHmide coupling agent, such as N, dicyclohexyl carbodiimide (DCQ, optionally 
in die presence of catalysts such as 1-hydroxybenzotriazole (HOBT) and dimethylamino 
pyridine (DMAP) Other mediods, such as the formation of activated esters, anhydrides or 
add halides, of the free cart)oxyl of a protected Boc-amino acid, and subsequent reaction 
widi the free anune of a protected amino add, optionally in the presence of a base, are also 

35 suitable. For jcxarnple, a protected Boc-amino acid orpeptide is treated in an anhydrous 
solvent, such as n^thylene chloride or tetrahydrofiiran (THF), in the presence of a base, 
such as N-mdhyl morpholine^ or a trialkyi amine, widi isobutyl chloroformate to form the 
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mixed anhydride, which is subsequently reacted with the free amine of a second protected 
amino acid or peptide. The peptide fomied by these methods may be deprotected 
selectively, using conventional techniques, at the amino or carboxy terminus and coupled to 
otiier peptides or amino adds using similar techniques. After tiie peptide has been 
5 completed, the protecting groups may be removed as hereinbefore described, such as by 
hydrogenation in tiic presence of a palladium or platinum catalyst, treatment witii sodium in 
liquid anmx)nia, hydrofluoric acid, trifluoroacetic add or alkali. 

Esters aie often used to protect die terminal carboxyl group of peptides in solution 
syndiesis. They tiiay be converted to carboxyUc acids by treatment widi an alk^ 
10 hydroxide or carbonate, such as potassium hydroxide or sodium carbonate, in an aqueous 
alcoholic solution. The adds may be converted to otiier esters via an activated acyl 
intemiediate as previously described. 

The amides and substituted amides of this invention are prepared fiom carboxylic 
adds of tiie peptides in much tiie same manner. Thus, ammonia or a substituted amine may 
15 be reacted witfi an activated acyl intenmediate of an amino-protected a-amino acid or 

oligopeptide to produce tiie amide. Use of coupling reagents, such as DCC, is convenient 
fiar forming substituted amides from die cartwxylic add itself and a suitable amuie. 

In addition, the methyl esters of this invention may be converted to the amides, or 
substituted-amides, directiy by treatment witii ammonia, or a substituted amine, in methanol 
20 solution. A medianol solution of tiie metiiy 1 ester of die peptide is saturated witfi ammonia 
and stirred in a pressurized reactor to yield tiie simple carboxamide of tiie peptides. 
Procedures for tiie detcnnination of die inhibition constant (Ki) by Dixon analysis are 
described in die art. e.g., in Dreyer, et al. Proc. Natl. Aca d. Sci. USA 86, 9752-9756 
(1989). A peptidolytic assay is employed using die substrate Ac-Arg-Ala-Ser-GIn-Asn- 
25 Tyr-Pro-Val-Val-NH2 and recombinant HIV protease as in Strieker, et al.. Proteins . 6, 
134-154 (1989). ITie lower Ki value indicates a higher binding affinity. 

Pharmaceutical compositions of die compounds of tfiis invention, or derivatives 
diereof, may be formulated as solutions or lyophilized powders for parenteral 
administration. Powders may be reconstituted by addition of a suitable diluent or otiier 
30 phaimaceutically acceptable carrier prior to use. The liquid formulation is generally a 
buffered, isotonic, aqueous solution. Examples of suitable diluents arc normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral administration, but may also 
be used for oral administration or contained in a metered dose inhaler or nebulizer for 
35 insufflation. It may be desirable to add excipient such as polyvinylpyrrolidone, gelatin, 
hydroxy cellulose, acacia, polyetfiylene glycol, mannitol, sodium chloride or sodium 
dtratc. 
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A prrfened coinposition for parenteral admiiiistration may additionally be comprised 
of aquantityof tfaecon:q)oundencapsubtedinaUposomaIc^ The liposome may be 
formed by dispersion of the compounds in an aqueous phase with phospholipids, with or 
without cholesterol, using a variety of techniques, including conventional handshaking, 
5 pressure extnision, reverse phase evaporation aid microfluidization. A suitable 
method of making such conipo^itions is tnore fully disclosed in copending Application 
Serial No. 06/763,484 and is incorporated herein by reference. Such a carrier may be 
optionally directed toward its site of action by an immunogbbulin or protem reactive with 
the viral panicle cxr infected cells. The choice of such proteins would of course be 

10 dependent upon the antigmic determinants of die infecting virus. An example of such a 
protein is tiie QM T-cell glycoprotein, or a derivative thereof, such as sCD-4 (soluble CD- 
4), which is reactive witii the glycoprotein coat of die human immunodeficiency virus 
(HIV). Such protejbs are disclosed in copending Application Serial No. 07/160,463, 
which is incoipprated herein by reference. Similar targeting proteins coukl be devised, by 

15 methods known to tiie art, for oth^ viruses and are considered within the scope of this 
invention. , 

Alternatively, diese conq)ounds may be oicapsulated, tableted or prepared in a 
emulsion or synq) of oral administration. Pharmaceutically acceptable solid or liquid 
carriers may be added to enhance or stabilize the composition, or to facilitate preparation of 

20 the composition. liquid carriers include syrup, peanut oil, olive oil, glycerin, saline and 
water. Solid catri^ include starch, lactose, calcium sulfas dihydrate, terra alba, 
magnesmm stearate or stearic add, talc, pectin, acada, agar or gelatin. The carrier may also 
include a sustained release material such as glycerol monostearate or glycerol distearate, 
alone or witii a wax* The amount of solid carrier varies but, prefi^ly, will be between 

25 about 20 mg to about 1 g per dosage unit The pharmaceutical preparations are made 

following the conyentiontd techniques of pharmacy involving milling, mixing, granulating, 
and compressing, when necessary, for tablet forms; or milling, mixing and filling for hard 
gelatin capsule forms. When a liquid carrier is used, the preparation will be in the form of a 
syrup, elixir, emulsion or an aqueous or non-^aqueous suspension/ Such a liquid 

30 fonnulation may be administ^ed direcdy p.o. or filled into a soft gelatin capsule. 

For rectal administration, a pulvmzed powder of the compounds of this invention 
may be combined with exdpient such as cocoa butter, glycerin, gelatin or polyediylene 
glycols and molded into a suppository. The pulverized powders may also be compounded 
with an dly preparation, gel, cream or emulsion, buffered or unbuffered, and administered 

35 through a transdemtal patch. 

This invention is also a method for treating viral infection, particularly infection by 
retroviruses, which comprises administering a confound of formula I to a patient infected 
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with a susceptible virus. The method is particularly applicable to infection by the Human 
Immunodeficiency Virus, type 1. When the compounds of this invention arc used to induce 
anti-viral activity in patients which are infected widi susceptible viruses and require such 
treatment, the mediod of treatment con^Mises Ae admiitistration orally, parenterally, 
5 bucally, trans-dcunaUy, intravenously, intramuscularly, icctaUy or by insufflation, of an 
cfifcctive quantity of the chosen compound, preferably dispersed in a pharmaceutical earner. 
Dosage units of die active ingredient are selected from the range of 0.05 to 50 mg/kg of 
bodywdghL Dosage units wiUtypicaUy be from 50 to 1000 mg. These dosage units may 
be adnmustraed one to ten times daily for acute or diionic infection. The dosage will be 
10 readily deterinrined by one skilled in tiie art and will depend upon the age, weight and 
condition <rf die patient, and die route of administration. Combination tiierapy as described 
in Eur. Pat Appl. No. 337 714 at pages 42-47 are included herein. 

The Examples which follow serve to illustrate tiiis invention. The Examples are 
intended to in no way limit the scope of this invention, but are provided to show how to 
15 make and use die conipounds of diis invention. 

In die Examples, all temperatures are in degrees Celsius. Amino add analyses were 
perfonned upon a Dionex Autoion 100. Analysis for peptide content is based upon Amino 
Add Analysis. FAB mass spectra were performed upon a VG Aab mass spectrometer 
using fast atom bombardment NMR spectra were recorded at 250 MHz using a Biiiker 
20 Am 250 spectrometer. MultipUcities indicated are: s=singlet. d-doublet, t-triplet. q-quartet. 
m-multq>let and br indicates a broad signal. 



Purification nf P«mmbinaiit HTV Pmf.»p^ 

Mediods for expressing recombinant HIV protease in Rcoli have bee described by 
25 Debouck, et aL, Proc. Nad. Acad. ScL USA, 84, 8903-6 (1987). The enzyme used to 
assay die compounds of diis invention was produced in tiiis manner and purified from die 
cell pellet as previously described by Stickler et al. Proteins. ^ 139-154 (1989). 



30 



EXAMPLES 

Preparation of (3S. 5SV3..5-diamino-4-hvdmxvhentflnf» 1 
Preparation by die Procedure of Scheme 1: 



35 



a) 12;4.S-dianhvdrD.D-f.»-Vflnihifni y 

Benzyl trichtoroacetimidate (29. 1 mL, 201 mmol) was added to a solution of D-(+)- 
araWtol (13.9 g, 91,4 mmol; azeotropically dried with toluene) in dry acetonitrile (200 mL) 
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under Ar, and the mixtuie was stined overnight The soludon was concentrated by lotaiy 
evapordon, dissolved in ethyl acetate (500 mL), washed with 5% NaHCOs (2x30 mL) and 
brine (30 mL), dired ova: Na2S04 and concentrated. The residue was dissolved in dry 
THF (500 mL) and colled to -10^C» and solid sodium mediylate (1 1.1 g, 205 mmol) was 
5 added with mechamcal stining under Ar. After 20 min the mixtuie was pouted into ether 
(23 D» filtered thix>u£^ ^ass fiber filter paper to remove sodium methylate, and 
concentrated by xotaiy evaporadon at 30^C The residue was purified by flash 
cfaromatbgraphy (siOica gel, 32 ethenpentane) to provide the titled compound 9 (3.96 g, 
34.1 mmoU 37% yield). 

10 

b) L2;4,5sliMhydrt^HO'bengylV^^^^ 10 

Benzyl farpmide (8.92 mL. 75 mmol) was added to a slurry of NaH (1.8 g. 75 
mmol) in THF (9 mL). The mixture was cooled to -KfC under Ar, and compound 9 
(3.90 g, 34 rmnol) in THF (9 mL) was added dropwise with stirring. The ice bath was 
15 removed, and the mbcture was allowed to warm briefly to 40^C, then was r»xx)led. The 
mbcture was diluted with 1% ac^ acid (100 mL), and extracted with ethyl acetate (2x250 
mL). The organic extracts were washed with 5% NaHC03 (75 mL) and hrine (75 mL), 
dried ovcr Na2S04^ and concratrated. Flash chromatography of die residue (gradient, 0- 

4% ethyl acetate in pentane) provided the titled conq)ound 10 (3.88 g, 172 nunol, 55% 
20 yield). iRNMR (0003): S 7.4-7-l(5H, m) 4.75(1H, d; J = 12 Hz), 4.65(1H, d; J = 12 

Hz), 3.2(1H, m), 3.05(1H, m), 2.9(1H, t; J = 7 Hz), 2.8(2H, m), 2.65(2H, m), 

6\ f2S.4SVl,5-Dia2ido-2.4-dihvdn>xv>3-benzvloxvpentane 11 

To 1.65 g (8.0 mmol) of compound 10 in 50 mL water and 50 mL dioxane was 
25 added 6.5 g (lOOmmol) NaN3 and 340 mg (1 mmol) tetra-n-buQrlammonium bisulfate. 
The reaction mixture was heated under reflex for 4 hr» cooled, and concentrated to ca. 50 
mL volume by rotaty evaporation, and extracted with ethyl acetate (3x50 mL). The 
combined organic extracts were dried (Na2S04) and concentrated to an oil, which was 
combined with edierJiexane (1:1) and aUowisd to oystaUize at 4^C to provie 1.76 g of tided 
. 30 compound 11 (69% yield). ^HNMR (COas): 5 7.5-7,3(5H, m), 4.6(2H, dd; J = 12 Hz), 

4.0(2H, m), 3.6-3.0(6H, m). 

f2S.4SVl,5-diazido-2.4-di-fmethanesulfonvloxvV3>benzvloxvpent^^ 12 

To 630 mg (2.15 mmol) of bisazide diol 11 in 6.0 mL of pyridine was added 350 
35 pL (4.5 nunol) metiianesulfpnyl diloride at O^C The reaction mixmre was allowed to warn 
to 25°C and stined for 20 hr, tiien was diluted witii 12 mL 6 N HQ, and extracted with 100 
mL methylene chloride. The organic layer was washed with 3% NaHC03, dried (Na2S04) 



1} 
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and concentrated. Flash cluonmjgriq)hyofthereadue (95:5 CH2C12:ether) provided 867 
mg (90% yield) of the tided compound 12. »HNMR (CDQa): 5 7.4-7.2(5H, m), 5.0- 
4.7(4H, m). 4.02(2H dd, J « 3 Hz). 3.9-3.5(4H. m), 3.15(3H. s), 3.10(3H. s). 

5 C) (2S.4SV1.2:4.5•di-fN-caT^)Onhf.n^vloxvim}nn^.'^.h ^■n2vloxvT«.^^ n 

To 310 mg (0.69 mmol) of the compound 12 of step (d) in 2 mL diy THF at O^C 
was added 1.5 mL (IJ mmol) 1 M LiAlH4 in TOF. The mixture was aUowed to warn to 
25'C and stiired overnight. Water (0.1 mL) was added, followed by 0.1 mL 15% NaOh 
and 0.4 mL water. TTic mixture was stiired vigorously widi 10 mL edier and filtered. 

10 Concentration of die etiier layer provided teh crude Wsaziiidinc, \vbich was dissolved in 5 
mL CH2a2 and combined with 200 fiL (1 .4 mmol) trietiiylamine and 200 |jL (1.4 mmol) 
of ben^l chlorofOTmate. The mfacture was stirred at 25*C for 3 hr, tiien filtered. The 
filtrate was concentrated and die residue was purified by flash chromatography (ediyl 
acetaterhexanes 1:5) to provide 89 mg (28% yield) of die titied compound 13. ^HNMR 

15 (400 MHz; 0003): 5 7.4-7.2(15H, m). 5.0(1H. d; J = 12 Hz). 4.93(1H, d; J = 12 Hz), 
4.88(1H, d; J = 12 Hz), 4.84(1H, d; J = 12 Hz), 4.74(1H, d; J = 12 Hz), 4.39(1H, d; J = 
12 Hz), 2.82(1H, t; J = 6 Hz), 2.6(1H, m), 2.45(1H, m), 2.25(1H. d; J = 6 Hz). 
2.15(1H, d; J = 6 Hz). 2.04(1H, d; J = 3 Hz). 2.02(1H, d; J = 3 Hz). MS (DCI. NH3): 
m/z473.1(M+). 

20 

f) f3A.5SV3.5-di-(carhonbenzvloxv«minQV4-ben7vl oxvheptane 14 

To a suspension of Cul (72 mg, 0.375 mmol) in I J mL etiier at -25''C was added 
OJ mL 1.5 M CH3Li in cdier. The resulting coloriess solution was cooled to -45°C and a 
solution of Wsaziiidine 13 (10 mg, 0.02 mmol) in 0.5 mL etfiCT was added. After stirring at 

25 -45®C for 1 hr, die mixture was allowed to warai to 10°C over a period of 6 hr, tiien was 
stiired for an additional 2 hr. The mixture was diulted witii 2 mL saturated aqueous NH4a 
and 1 mL saturated aqueous NH3, tiien was extracted witii etiier. The organic layw was 
washed widi brine, dried (Na2S04) and concentrated to provide die titied compound 14 
(10 mg). IHNMR (CXO3): S 7.2(15H, m), 52-4.9(4H, m), 4.93(1H, d; J = 12 Hz), 

30 4.88(1H, d; J = 12 Hz), 4.84(1H, d; J - 12 Hz). 4.7j(2H. d; J = 12 Hz). 4.4(2H, d; J = 12 
Hz), 3.7(2H, m). 3.4(1H, d; J s 2 Hz). 1.6(4H, m). 1.0(3H, t; J = 7 Hz), 0.9(3H, t; J = 7 
Hz). 

f3S.5S^-3.5-rfinmino-4.hvdmxvhftp^ppg | 
35 The product of step (f) is stirred with 20% Pd(0H)2 on carbon (50% by weight) in 

0.1 N metiianolic HQ under an atmosphere of hydrogen for 24 hr. Filtration and removal 
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of solvents provides the titled confound 1, as the dihydiochloride salt wherein and 
are hydrogen and and are ethyl. 

Preparadon by die Procedure of Scheme 2: 
5 nR.5RV3.5wiihvdroxv-4-henzvloxvheptane 15 

To a suspenatm of Cul (143 mg, 0.75 mmol) in 3 mL ether at -35*0 was added 
mediyllidninn (1 inL, 13 M in edier, 1.5 mmol). The resulting coknless solution was 
sdxied at -30'>C for 30 mhi. then cooled to -li^C A solution of bisepoxide 10 (78 mg, 
0.37 mmol) in 2 mL ethd- was added. The reaction was allowed to wann to2S*C over 4 
10 hr.tiie saturated aqueous NH4a and concentrated aquaousNH3 woe added. The mixture 
was extracted with ether, die organic layer was dried over Na2S04 and the solvent was 
removed to furnish die tided conapound (93 mg, 100% yield). ^HNMR (CDQa): 6 7.4- 
7.1(5H, m). 4.7(1H, d; J = 12 Hz). 4.55(1H. d; J = 12 Hz). 3.9-3,7(2H. m), 3.2(1H. 
dd). 2J(2H. b). i:6-1.4(4H, m). 1.0(3H, c J = 7 Hz), 0.9(3H, t; J = 7 Hz). 

15 

hV m.5RV3^methanesulfonvlQxv-4-henzvloxvheDtane 16 

Mediahesulfpnyl chlnide (03 mL) was added dropwise to diol 15 (93mg) in 
pyridine (liriL) atO'G The mixture was allowed to warm to 25'C After 12 hrthe mixture 
was diUited widi cdd 6NHa (10 mL) and extracted witii CH2CI2. The organic extract 
20 was washed widi 3% NaHCOs, dried over MgS04, and concentrated. The residue was 
purified by flash ckromatogn^hy to provide die tided compound (83 mg, 56% yield). 
IHNMR (COas): 8 7.4-7.2(5H. m), 4.75 (IH. m), 4.7(1H, d; J = 12 Hz). 4.6(1H, d; J = 
12 Hz), 4J8(1H, m), 3.9(1H. dd; J = 2.6 Hz). 3.0(3H. s). 2.9(3H. s), 2.1-1. 5(4H, m), 
1.05(3H, t: J = 7 i), 1.0(3H, t; J = 7 Hz). 

25 

nfl fSVq.^-diaado^henzvloxvheDtane 17 

A mixture of Wsmesylate 16 (83 mg. 0.21 mmol) and sodium aride (0.5 g 7.7 
mmol) in 1.5 mL dhnediylfonrnamide was heated to 70'C for 12 hr. After cooling, ediyl 
acetate (20 mL) was added and die mixture was filtered and concentrated. Flash 
30 doomatography of die readue provided die tided cori^und (54 mg, 90% yield). ^HNMR 
(CDCI3): 5 7.4-7.2(5H. m), 4.65 (2H, s), 3.5-3.2(3H, m), 2.0-1.5(4H, m), 1.1(3H, t; J 

= 6 Hz). 1.05(3a t; J 6 Hz). 

^S->-^.^^iflmino.4-henzvloxvheDtane 18 
35 To 328 mg (1.14 mmol) bisazide 17 in 5 mL TEIF at OPC was added 200 mg 

liAlH4. The mixttre was allowed to warm to 25*'C and was stirred for 5 hr. The reaction 
was quenched by addition of 0.5 ihL 15% NaOH. stirred for 15 min, diluted with 150 mL 
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ether and filtered. Concentration of the filtrate provided the titled compound (278 mg, 100% 
yield). ^HNMR (CDCls): 5 7.26(5H, m). 4J (2H. dd; J = 12Hz). 3.1 (IH. dd; J = 4.6 
Hz), 2.9(1H. m), 2.75(1H, m). 1.8-1.0(10H, m), 0.9(3H, t; J = 7 Hz), 0.85(3H, t; J = 
Hz). 

5 

c) r3S.5SV3.5-diamino^hvdmxvhenranft 1 

To die diamine product 18 (52 mg) iii 4 mL methanol was added 50 mg 20% 
Pd(0H)2 on carbon and 2 drops concentrated aqueous HQ. The mixture was stined under 
an atniospherB of H2 for 16 hr, then was filtned and concentrated to provide die dded 
10 compound 1 (53 mg) as the dihydrochloride salt. *HNMR (CD3OD): 5 3.75(1H, dd; J = 
4.7 Hz), 3.2-3.0(2H. m). 1.8-1.4(4H, m). 0.9(6H, t; J = 7 Hz). 

Erepararion of f3S. 5SV3.S-di-falanvla1anvnamiiio.4-hvd roxvheptane 2, 

15 

a) f3S^SV3J'di-fcarbobenzvloxvalanvlalflnvnamino-4.henzvln« vheptflne 19 

To die diamine product 18 of Example 1. step (k) (87 mg, 0.37 mmol) in 6 mL 
DMF was added 221 mg (0.75 mmol) carbobenqrlojqralanylalanine, 1 15 mg (0.75 mmol) 
HOBT, and 154 mg (0.75 mmol) HCC The mixture was stined overnight, dien was 
20 concentrated, taken up in ediyl acetate, filtered, washed widi water and brine and dired 
(MgS04). Removal of solvent followed by MPLC (silica; 2% methanol in CH2CI2) 
provided the tided compound (109 mg). ^HNMR (DMSOnlg): 8 8.0-7.2(21H, m), 
5.0(4H, bs), 4.6(2H, dd; J = 12 Hz), 42(2H, m), 4.0(2H, m), 3.8(1H, m), 3.7(1H, m), 
3.5(1H, dd; J = 4.7 Hz), 1.7-1.3(4H, m), 1.1(12H. m). 0.75(6H, t). 

25 

b) f3S.5SV3J-di-falanvlalanvnaminfv4-hvdrmcvheptfliie 1 

To die product 19 of step (a) (4.5 mg) in 1 mL DMF was added 10 mg to 20% 
Pd(0H)2 on carbon. The mixture was stirred under 1 atmosphere of H2 for 6 hr, dien was 
filtered and concentrated to provide die tided compound 2 (3 mg) wheiein Xl and X2 arc 
30 AlaAla and r1 and r2 are etiiyl. »HNMR (CD3OD): 5 4.3(2a m). 3.8(2H. m), 3.7(1H, 
m), 3.5(1H, m), 1.8-1.2(16H, m). 0.8(6H, dt). 

Examples 

PfCParation of f3S.5SV3.5-di-(carhohenzvloxwalvnamino^hvri mxvheptane 3. 
35 To 133 mg (0 J mmol) Cbz-Val in 2 mL THF at -40"C was added 65 \iL (0.5 

mmol)of isobutylchlorofonnatc. After stirring for 10 min a solution of 25 mg (0.17 mmol) 
diamine hydrochloride 1 and 50 |iL NMM in 1 mL DMF was added. The mixmre was 
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slowly warmed to'20°C and stkied ove^ then was diluted with ediyl acetate, washed 
with 5% HO, 5% NaHC03, and brine and the oisanic lay^ was concentrated. The 
residue was purified by flash chn}matognq)hy (ethyl acetaterhexanes) to provide the tided 
compound 3 (18 mg) wherein and X2 are CSz-Val and r1 and r2 are ethyl. ^HNMR 
5 (CDQa): 8 7.5-73(10H, m), 6-9(lH,hr d), 6-35(lH. hr d), 5.5(H, hr d), 5:Z5(ia br d), 
5.1(4a hr s). 4.0-3.1(5H, m), 2.4.2.1(2H m), 2.0-L4(4H, m). L(M).8(18H, m). MS 
(FAB):m/z6132(M+H)+ 

10 Prepflrarion of r ^S 4SV2.4>di-ffllanvlfllanvnamino-3>^^ A 

fiV raR.4R^^2,4^ihvdroicv>3>henzvlQxv>l,S-diDhenvlDentane 20 

To a susprasion of Cul (191 mg, 1 mmol) in ether (5 mL) at was added 
phenyOithimn (4,0 mL, 2.0 mmol; 03 M in ether; fteshly prepared from bipmobenzene and 

15 lidiium wire). The mixture was wanned to -SO^C, then recooled to -78*'C. A solution of 
bisepoxide 10 (40 mg, 0.19 mmol) in ether (1 mL) was added. The mixture was allowed to 
warm to 25^C ovear 6 hr with sturing. After an additional 12 hr, the mixture was diluted 
with ether and wasfeied with 20 mL of 1 :1 concentrated aqueous ammonia:saturated 
NH4CL The organic layer was dried over MgS04 and concentrated. The residue was 

20 purified by mediutn-isessure liquid chromatography (1 :4 ediyl acetaterhexanes) to provide 
the tided compound 20 ^ mg, 30% yield) as a colorless solii iHNMR (CDCX3): 5 7.5- 
7.0)15H.m), 4.75(ia d; J*12 Hz), 4^55(1H, d; J=12 Hx). 4.2(2H, m), 3J(1H, m), 3,0- 
2.7(6H, m). 

25 (7S,4SV2.4-d i^fafanvlalanvnamino>3>hvdn)xv-L5-diphenvl^^ 4 

The tided compound 4 wherein and X^ are AlaAla and r1 and are PhCH2 is 

prepared froih corhpouhd 20 by the procedures of Exanq}le 2. 

30 Pmpflrattnnofr4R.6R>>4.6-diamino-5>hvdroxv-2.8-dimethvl-l^ 

fl^, f4R.6RV4.fr rfihvdroxv-5-ben2vlQxv-2.8-dimethv^L8-nondie 21 

To a suspension fo Oxl (192 mg, 1.0 mmol) in ether (2 mL) at -eO^'C was added 
isopropenyllithium (52 rhL, 2.0 mmol; 0.38 M in edicr, freshly prepared from 2- 
35 b r omopr opene and lithium wire). The mixture was warmed to -45^C then recooled to - 
IZ^C A solution <tf bisepoxide 10 (60 mg, 0129 mmol) in ether (5 mL) was added. The 
mixture was allowed to warm to O^C over 2 hr with stirring. The mixmre was diluted with 
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ether and washed widi 5 nO^ of 1;1 concentrated aqueous aniinoniaaatur^ The 
orgamc layer was dried over MgS04 and concentrated to provide the titled compound 21 
(81 mg, 96% yield) as a colorless solid. ^HNMR (CDCL3): 8 7.3(5H, m), 4.9(1H, bs), 
4.85(IH, bs), 4.80(1H, bs). 4.65(1H. d; J^12 Hz), 4.58(1H. d; J=12 Hz), 4.0(2H, m). 
5 3.3(1H, dd; J«2.5 Hz), 2.55(1H, d; J=6 Hz), 2.55(1H, d; J=4 Hz). 2.5-2.I(4H. m). 
1.7(1H, s). 

b) f4R.6R)-4.frdihvdrr>Kv-5.benxvloxv.?..8.dimt.thvinnnanff 22 

To the product 21 of step (a) (105 mg, 0.38 mmol) in 01202 (1 mL) was added 
10 55 mg Ir(CX)D)Py(PCy)3PF6 (Crabtiee catalyst). The mixture was stincd for 6 hr under 1 
atmosphere H2, tiien was filtered and concentrated to provide the titled compound 22 (1 10 
mg, 100% yield). ^HNMR (CDOs): 5 7.3(5H. m), 4.6(1H. dd; J=12 Hz). 4.0(2H. m). 
3.1(1H, br s), 2.7(2H. br s), 2.0-l.l(6H, m), 1.0-0.8(12H, m). 

15 c) f4R.6RH.frdi-fmethane!mlfonvloxvV5-henxvloxv.2 «-^iinerh vinonane « 

Methanesulfonyl chloride (025 niL) was added dropwise to diol 22 (93 mg) in 
pyridine (1 mL) at O^C The mixture was allowed to warm to 25**C After 10 hrthc mixture 
was diluted with cold 6N HQ (10 mL) and extracted with CH2a2. The oi^ic extract 
was washed wifli 3% NaHCOs, dried over MgS04, and concentrated. The residue was 

20 purified by flash chromatography to provide the tided compound 23 (210 mg). iHNMR 
(CDCI3): 5 7.4(5H, m), 5.0(1H, d; J=12 Hz). 4.7(1H, m), 4.6(1H, d; J=12 Hz). 
3.85(lHx dd; J-4.7 Hx). 3.0(3^ s). 2.0(3H. s), 2.0.1.1(6H, m), 1.0^.9(12H. m). 

d) f4R.6R)-4.6-diazido-5-benzvloxv.2.«^imt5thvlnon»in.. Id 

25 To the product 23 of step (c) (210 mg) in 2 mL DMF was added 870 mg (15 mmol) 

NaN3. The mfacture was heated to 70T for 7 hr, tiien was cooled and diluted with ethyl 
acetate. The filtrate was concentrated and the residue was purified by MPLC (ediyl 
acetate:hexanes 1:20) to provide die tided compound 24 (52 mg). IHNMR (CSJCla): 5 

7.3(5H, m), 4.55(2H, dd; J-12 Hz), 3.4-3.15(3H, m), 2.0-l.l(6H, m). 1.0.0.75(12H, 
• 30 m). 

e) . f4S.6S)-4.6-diamino-5.henzvloxv.2.«.rii»nethvlnonanft 2g 

To the product 24 of step (d) (52 mg. 0.15 mmol) in THF (3 mL) was added 80 mg 
LiAlH4 (2 mmol) at 0 'C. TTie mixture was stirred at 25 "C overnight, then was quenched 
35 widi IN NaOH and dUuted with etfjer (50 mL). FUtration and concentration provided the 
titled compound 25 (44 mg) as a colorless oU. »HNMR (0x33): 5 7.3(5H. m), 4.6(2H, 
dd; J = 12 Hz). 3.1(1H. m), 3.05-2.95(2H, m). 1.9-1.1(6H. m). 1.0-0.8(12H. m). 



wo 92/00750 



-24- 



PCrAJS91/04757 



10 



r4R.6R')-4.6-4iaminb-5- hvdroxv-2.8-dimethvl-L8-nQnanediahvd^^ 5 
To 165 mg of diamine 25 fiom step <e) in 10 mL methanol containing 5 drops of 
cone HQ ivas added 100 mg 20% Pd(0K)2 on caitnn. The mixture was stined overnight 
under 1 atm H2, thim was fflteied and concentraied to provide die titled compounds 5 (75 
mg) wherdn aaid x2 are hydrogen and r1 and r2 are isobutyl. ^HNMR (CD3OD): 6 
3.7(1H, m), 3.2(1H. m). 1.8-1.0(6a m), 0.99-0.8(12H. m). 

Example 6 

Ptenaration of f4R.6RV4.6-d i^alanvlfllanvltoino-5-hvdroxv-2.8-dimethvl-1.8-nonane 6 



a't f4R.6RV4.6.di-rcariMbenCTloxvalanvlalanvnamino-5-benzvloxv-2.8-diniethvl-l .8- 

ngnang 2i 

To Ae product 25 of Exang)le 5, step (e) (44 mg, 0.15 mmol) in 2 mL DMF was 
added 1 10 mg Ojz-AlaAla (0.375 mmol), 58 mg (0375 mmol HOBT, and 72 mg (0.375 
15 mmol) DOC The nuxtme was stined for 48 hr at 25 then was diluted with 20 oiL ethyl 
acetate and filtoed. the filtrate was concoitrated and the readue was purified by MFLC 
(gradient, 0-5% medianol in CH2C32) ^ provide the tided compound 26 (24 mg). 
IHNMR (CD3OD); 8 8.0-7.2 (21H, m), 5.0 (4H, overlapping dd), 4.2 (2H, m), 4.0 (4H, 
m), 3.5 (la br s), 1.7-1.15( 18H. m), 0.9-0.7(12H. br t). 

20 

(M f4R. 6RV4.6.Di-ralanvlalanvnamino-5-hvdroxv-2.8-dimedivl -1.8-nonane 6 

To the product 26 of step (a) (12 mg) in 2 mL DMF was added 50 mg of 20% 
Pd(0IQ2 carbon. The mixture was stirred mdex 1 atmosphere of H2 for 10 hr. then 
was diluted with methanol, filtered and concentrated to provide the tided compound 6 (7.5 
25 mg) wherein aiid are AlaAla and and are IsobutyL ^HNMR (CD3OD): 5 
4.25 (2H, m), 3.8 (IH, m), 3.65 (2H, m), 3.1 (IH, br d), 1.6-1.1 18H. m), 0.7 (12H, br 
d). 

Example 7 

30 Pre paration of f4R.6RV4.6-di-cariiobenzvlcftv>amino-5-hvdroxv-2.8-dimethvl-1.8-nonane 
1- 

To 6.0 mg Of die bis-amine hydrochloride product 5 in 0.5 mL CH2CI2 at 20*'C 

were added 5 mL uiethyltimine and 10 mL benzyl chlorofonnate. After 3 hr stining, the 
nmxnire was applied to la silica column and eluted witii CH2CI2 followed by edier k> 
35 provide the tided compound 7 (4.6 mg) wherein X^ and X^ are Cbz and and R^ are 
isobutyl. »HNMR (0x33): 5 7.3 (lOH, bs), 5.1-4.9(6H, m). 3.9-3.7(2H, m), 3.5- 
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3.35(2H. rm IH exchangeable with D2O). 1.7-1.5(4H, m), 13-1.2(2H, m), 1.1-0.8(12H. 
m). 

£2SaiIIBl££ 

5 Pmp^^T1^rionofaR■fl^^^.<w^We «rhnhen^vloxw>llvnan1in(v5-hvdmxv.2.8-^^^ 

Hie titled compound 8 wherein and x2 are Cbz-Val and Rl and r2 are isobutyl 
was prepared by the procedure of Example 3, except using compound 5 in place of 
compound 1. ^NMR (250 MHz,CDa3) 7^-7^ (m, lOH), 6.8 (br s. IH), 6.3 (br d. 
10 IH). 5.6 (br s, IH). 5.25 (br d. IH). 5.1 (br s. 4H). 4.5-3.5 (m. 6H). 1.5-15 (m. 6H). 
0.6-1.0 (m. 24 H). 

Esmsiisl 

P,^pnrarinnoff2S.4SVLS-dinhenvl.3-h v Hm»v.2.4-bisfbenzvloxvcarb0nvl^ 
IS pm^nn^pentane 40. 

a) 2R.4R)-lA4.5-dianhydro-3-bcnzyloxyarabitol 33 

To a solution of 15.2 g (100 mmol) of D(+)-aiabitol in 350 mL of pyridine cooled in an ice 
bath was added 38.8 g (203.5 mmol) of p-tolucnesulfonyl chloride in small portions. 
20 Stirred for 3 h, warmed to room temperature, poured to 500 mL of ether. Ether layer 

separated, aqueous layer wttracted with 800 mL of edier. The comWned organic layers were 
washed widi 400 mL of 3% sodium bicarbonate, dried over anhydrous magnesium sulfate 
and solvents removed in vacuo to give 34.17g (74%) of the ditosylatc 32. ^HNMR 
(CD3COCD3) 8 7.75 (d. 4 H. J= 7 Hz), 7,25 (d, 4 H, J= 7 Hz). 4.4-3.5 (m. 7 H). 3.2 

25 (b, 3 H), 2.5 (s, 6H). 

To 10 g (55-60% in oil, 230 mmol ) of sodium hydride in 300 mL of THF was 
added at 0° a solution of the bistosylate 32 in 200 mL of THF and stirred vigorously for 1 
h. The reaction mixture was treated witii dropwise addition of 12 mL of benzyl bromide in 
10 mL of THF and stined at 0° for 1 h. Allowed to warm to room temperature and stirred 

30 overnight (Juenched witit 50 mL of water, dropwise at 0°. Extracted witii etiier, washed 
widi water, dried over anhydrous sodium sulfate and solvents removed in vacuo. The 
residual oil was filtered tiiro silica gd (first duted witii hexane to remove unreacted benzyl 
bronnde and tiien etfiyl acetate Hexane ,1:4) to yidd 9.0 g of tiie bisepoxide as a slight oU. 
Furflier purification was achdved by flash chromatography (silica, ethyl acetate,hexane 

35 1:10) to give 6.10 g of tiie diepoxide 33. ^HNMR (CDCI3. 250 MHz) 5 7.4-7.1 (m, 
5H). 4.75 (d, IH, J= 12 Hz), 4.65 (d. 1 H, J= 12 Hz). 3.2 (m, IH), 3.05 (m, 1 H), 2.9 
(t, 1 H, J= 7 Hz), 2.8 (m. 2 H). 2. 65 (m, 2 H). 
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b) (2R,4R>l,5-<BphenyU3-ben2yIoxy-2.4-dibydi03qrpentane 34 

To a suspension of 2.99 g (15J mmol) of of copper(l) iodMe in 30 mL of THF 
was added 18 niL of 1.8 M Phenyl Kdrium in cyctohexane ( (fteshly opened bottle). The 
5 leaction mixtuic was wanned to -50" and rccooled to -78" and a solution of l.Olg (4.9 
mmoDof theWse^jdde 33 in lOmLofTHFwasaddedandanowedtowarmtonwm 
temperature and stined ovcmighL ftiocessed as usual to give 1.75 g of of the diol 34 as an 
oiL Trituration with ethei/hexane gave 1.45 g (82 %) of a colorless solid. Anal Calcd for 
C24H26O3: C(7933). H(7.23); Fbund: Ca92S), H(7.18); MS(pa. NH3) (M+H)+ 
10 364,5; ^HNMR (CDas, 250 MHz) S 7.4-6.8 (m. 15 H), 4.62 (d, 1 H. J= 12 H2), 4.5 
(d, 1 a J= 12 Hz). 4.2 (m, 2 H), 3.3 (dd. 1 H, J= ). 2.8 (m. 4 H). 

c) (2R,4R)-1.5-diphenyi-3-benzyloxy-2,4-bis(methancsuIfonyloxy)pentane 35 and 
(2S,4S)-l,5-diph«jyl-3-ben«yl6xy-2,4-diazidopentane 36 
15 To400nagbf thediolin5mLofpyridineat0*wasadded 1 mLof methane 

sulfonyl chloride aiid stined for 18 h at room temperature. Poured into 20 mL of ice coldB 
N hydrochloric ad4 extracted widi 50 mL of methylene cMoride, washed with 3 % sodium 
bicarbonate dried over anhydrous sodium sulfate and solvents removed in vacuo to give 
1.20 g of 35 as an oil. 

20 The above crude product was dissolved in 5 mL of DMSO and added 1.05 g (16 

mmol) of sodium azide. Thereacdon mbcture was heated at 80* for 6 h and then at 100" for 
an additional 8 h. The reaction was cooled, diluted with ether and uraeacted sodium azide 
was filtered off. ITie combined solvents were removed in vacu and subjected to flash 
chromatography to give 285 mg of an inseparable mixture of monoazide 36, (2S,4S)-1,5- 

25 diphenyl-3-benzyloxy.4-a2ido-pent-l.ene. and bisazide 37 in die ratio 70: 30 as caclulated 
finomlHNMR. 

d) (2S.4S)-1.5-dii^enyl.3-ben^lo)qr-2.4-diaminopentane 38 

To 279 n^g <rf the mixture of azide products (36+37) obtained above in JO mL of 
30 diethyl ether at 0" was added 3 mL of a IM solution of Bthium aluminium hydride in THF 

over 10 min. Stined at 0" for 30 min warmed to room temperature and stined for 3 h. 

Cooled in an ice bath and qu^ched widi 1 mL of 10% sodium hydroxide, diluted with 

ether and stined for 2 h. Tlie precipitate was filtered off tiirough ceHte and washed with 

erher. Removal of solvents followed by chromatography on 10 g florisU (hexane, ethy 
35 acetate:hexane 1:4, then methano) gave 1 12 mg of pure diamine 38. »HNMR (CDCI3, 

250 MHz) 6 7.2 (m. 15 H). 4.7(d. 21 H, J= 12 Hz). 4.5 (d. 21H. J= 1 H). 4.1(m. IH), 

2.3-3.2 (m. 6 H). 
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e) (2S,4S)-l^-diphenyI-3-hydroxy-2,4-diaininopentane 39 

62 mg of the diamino conqxjund was subjected to hydiogenation in 10 mL of 
methanol containing 75 mg of cone, hydrochloric acid over 25 mg of Pd/C Sdited for 8 h, 
5 catalyst was filtered oS and washed with methanol. Removal of solvents gave 68 mg of a 
solid which <mi trituration widi hexane edier provided 48 mg of the pure diamine 
as die hydrochliwide. ^HNMR (CD3OD, 250 MHz) 5 7.4-6.9 (m, 10 H), 4. 1 (bd, IH, 
J» 6 Hz), 3.5-3.7 (m, 2 H), 2.5-3.4 (m. 4 H). 

10 f) GlS,4S)-l,5-diphenyl,3-hydroxy-2,4-bis(bcn2yloxycarf)onylaminovaanyl- 
aniino)pentane 40 

The tided product was prepared by die mixed anhydride method fiom 37 mg (0. 107 
mmol) of the diamine hydrochloride, 150 mg of Cbz-Val, 98 \tL of N-methyl moipholine 
and 80 of isobutyl chlorofonnate 68 mg of a white soKd. Analytical samples were 
15 pr^ared by flash column chromatt)gnq)hy ( silica, 10% MeOWCH2a2). MS(ES/MS) 
(M-H)+ 735; ^HNMR (CDa3. 250 MHz) 8 7.4-7.0 ( m, 20 H). 6.1 (d. la J= 7 Hz). 
5.5 (d. IH, J= 7 Hz), 5.0 (m, 8 H), 4.0 (m. 2 H), 3.6 (m, 2 H), 2.8-3.4 (m, 4 H), 2.2 
(m. IH), 1.85 (m, IH), 0.9 (d, 3 H, J= 7 Hz), 0.86 (d, 3 H, J= 7 Hz), 0.7 (d, 3 H, J= 7 
Hz), 0.55 (d, 3 H, J= 7 Hz). 

20 

Exampte 10 

Preparation of f3.S. 5.S)-3.5-di-fcartiohenzvloxvalanvlBlAnvnflmincwUh v droxvhenfflnft ffl. 

a) (2R,4R)-l,5-diazido-2,4-dihydroxy-3-benjyloxypcntane 41 

25 To 1 .65 g (8.0 nrniol) of bisepoxide 33 in 50 mL water and 50 mL dioxane was 

added 6.5 g (100 mmol) NaN3 and 340 mg (1 mmol) tetra-n-butylammonium bisulfate. 
The reaction mixture was heawd underreflux for 4 hr, cooled, and concentrated to ca. 50 
mL volume by lotaiy evaporation, and extracted witfi etityl acetate (3x50 inL). The 
combined organic extracts were dried (Na2S04) and concentrated to an oil, which was 

30 combined widi widi etiienhexane (1:1) and allowed to crystallize at 4''C to provide 1 .76 g of 
die tided compound (69 % yield). IRNMR (CDQ^): S 7.5-7.3(5H, m), 4.6(2H, dd; J = 
12 Hz), 4.0(2H, m), 3.6-3.0(6H, m). 

b) (2R,4R)-l,5-diazido-2,4-di-(metiianesu]fonyioxy)-3-benzyloxypentane 42 

35 To 630 rag (2.15 mmol) of bisazido diol 41 in 6.0 mL of pyridine was added 350 

pL (4.5 mmol) metiianesulfonyl chloride at O'C. The reaction mbcnne was allowed to 
warm to 25*0 and stirred for 20 hr, then was diluted witii 12 mL 6 N HCl, and extracted 
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wiA 100 mL methylene cWoride. The organic layer was washed witfi 3% NaHC03, dried 
(Na2S04) and concentrated. Hash chromatography of the residue (95:5 CH2C12:etber) 
provided 867 mg (90% yield) of the tided compound. ^HNMR {CDCI3): 5 7.4-7.2(5H, 
m), 5.0^.7(4H, m). 4.02(2H, dd, J = 3 Hz). 3.9.3.5(4H, m). 3.15(3H, s), 3.10(3H. s). 

5 

c) (2S,4S)-1.2:44f-d-(N-catboben2yloxyiinino)-3-benzyloxypentane 43 

To 310 mg (0,69 nraid) of the compound 42 in 2 mL dry 1HF at 0**C was added 
1 J mL (1 J mmol) 1 M LiAIH4 in THF. The mixnire was allowed to warm to 25°C and 
sdncd overnight Water (0.1 mL) was added, foUowed by 0.1 mL 15% NaOH and 0.4 mL 

10 watw. The mixture was stirred vigorously with 10 mL ether and filtered. Concentration of 
die ether layer provided the crude bisaazidine, which was dissolved in 5 mL CH2CI2 and 
combined widi 200 |xL (1.4 mmbl) triethylamine and 200 jiL (1.4 mmol) of benzyl 
dilcHDformate. The oiixmie was sdrrcd at 25''C for 3 hr, then filtered. The filtrate was 
concentrated and die re^ue was purified by flash chromatography (ethyl acetate-.hexanes 

15 1:5) to provide 89 mg (28% yield) of the dded compound. ^HNMR (400 MHz; CDCI3): 5 
7.4-7.2(15H. m). 5.0(lH; d; J = 12 Hz). 4.93(1H, d; J = 12 Hz). 4.88(ia d; J = 12 
Hz), 4.84(1H, d; J = 12 Hz), 4.74(1H, d; J = 12 Hz). 4.39(1H. d; J = 1 2 Hz), 2.82(1H. 
t; J = 6 Hz). 2.6(1H. m). 2.45(lH, m), 2.25(1H. d; J = 6 Hz), 2.15(1H, d; J = 6 Hz). 
2.04(ia d; J = 3 Hz), 2.02(1H. d; J = 3 Hz). MS (DQ. NH3): ra/z 473.1(M+). 

20 

d) (3S, 5S)-3.5-di-(carbobisnzyloxyamino)-4-benzyloxyheptane 44 

To a suspeiision of Cul (72 mg, 0J75 mmol) in 1.5 mL ether at -25*0 was added 
OJ inL 1.5 M CHSLi in eflier. The resulting colorless solution was cooled to -45''C and a 
solution of bisaziridine 43 (10 tiig., 0.02 mmol) in 0.5 mL edier was added. After stirring 

25 at -45'C for 1 hr, die mixnire was allowed to warm to 10*C over a period of 6 hr, tiiem was 
stined for an additional 2 hr. The mixture was diluted with 2 mL saturated aqueous NH4Q 
and 1 mL saturated aqueous NH3, then was extracted witii ether. The organic layer was 
washed widi brine, dried (Na2S04) and concentrated to provide die tided compound (10 
mg). IHNMR (a)d3): 5 7.2(15H, m), 5.2-4.9(4H, m). 4.93(1H. d; J = 12 Hz). 

30 4.88(1H, d; J = 12 Hz), 4.84(1H, d; J = 12 Hz), 4.7(2H. d; J = 12 Hz), 4.4(2H. d; J = 
• 12 Hz). 3.7(2a m); 3.4(ia d; J = 2 Hz), 1 .6(4H, m). 1.0(3H. t; J = 7 Hz), 0.9(3H, t; J 
= 7 Hz). MS(DCI,MH3) 
(M+H)+ 505.1 

35 e) (3R.5R)-3.5-dihydroxy-4-benzyloxyheptane 45 

To a suspeiision of Cul (143 mg, 0.75 mmol) in 3 mL edier at -35'*C was added 
metfiyllidiium (I mL, 1.5 M in edier. 1.5 mmol). The resulting colorless solution was 
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stirred at -SCC for 30 min, then cooled to -78»C A solution of biscpoxide 33 (78 mg, 
0.37 mmol) in 2 mL ether was added. The reaction was allowed to warm to 25*'C over 4 
hr, die saturated aqueous NH4a and concentrated aqueous NH3 were added. The mixture 
was extracted with ether, the caganic layer was dried obver Na2S04 and the solvent was 
5 removed furnish the titled compound (93 mg, 100% yield). iHNMR (CDQa): 8 7.4- 
7.1(5H, m), 4.7(1H, d; J « 12 Hz), 4.55(1H, d; J = 12 Hz). 3.9.3.7(2H, m). 3.2(1H. 
dd). 2.5(2H. b), 1.6-1.4(4H, m), 1,0(3H. t; J » 7 Hz). 0.9(3H, r. J = 7 Hz); 
MS(DCI,NH3) (M+H)+ 2392 

10 f) (3R, 5R)-3.5-Methanesulfonyloxy-4-benzyloxyheptane 46 

Methanesulfonyl chloride (0.3 niL) was added dropwise to diol 45 (93 mg) in 
pyridine (1 mL) at O^C The mixture was allowed to wann to 25*C. After 12 hr the mixture 
was diluted with cold 6N HQ (10 mL) and extracted with 01202. The organic extract 
was washed with 3% NaHCX)3. dried over MgS04, and concentrated. The residue was 

15 purified by flash chromatography to provide die tided conqjound (83 mg, 56% yield). 

IHNMR (CDCI3): 8 7.4-7.2(5H, m). 4.75 (IH. m). 4.7(1H, d; J = 12 Hz). 4.6(1H. d; J 
= 12 Hz). 4.58(1H. m). 3.9(1H, dd; J = 2.6 Hz), 3.0(3H. s). 2.9(3H, s), 2.1-1.5(4H. 
m), 1.05(3H, t; J = 7 Hz). 1.0(3H. t; J = 7 Hz). 

20 g) (3S,5S)-3.5-diazido-4-ben^loxyheptane 47 

A mixture of bismesylate 46 (83 mg, 0.21 mmol) and sodium azide (0 JO g, 7.7 
mmol) in 1.5 mL dimethylfonnamide was heated to 70*'C for 12 hr. After cooling, ediyl 
acetate (20 mL) was added and die mixture was filtered and concentrated. Flash 
chromatography of die residue provided die tided compound (54 mg, 90% yield). ^HNMR 

25 (CDCI3): 8 7.4.7.2(5H. m), 4.65 (2H, s), 3.5-3.2(3H. m). 2.0-1.5(4H. m). 1.1(3H, t; J 
= 6 Hz), 1.05(3at;J = 6Hz). 

h) (3S. 5S)-3,5-diamino-4-ben^loxyheptane 48 

To 328 mg (1.14 mmol) bisazide 47 fitmi step (j) in 5 mL THF at 0"C was added 

30 200mgLiAlH4. Themixture was allowed to warm to 25*C and was stiired for 5 hr. The 
reaction was quenched by addition of OJ mL 15% NaOH, stirred for 15 min, diluted with 
150 mL edier and filtered. Q)ncenttation of die filtrate provided die tided compound (278 
mg. 100% yield). »HNMR (CDCI3): 8 726(SH, m). 4.5 (2H, dd; J = 12Hz), 3.1(1H, 
dd; J = 4.6 Hz), 2.9(1H, m). 2.75(1H. m). 1.8-1.0(10H. m). 0.9(3H. t; J = 7 Hz), 

35 0.85(3H.qJ = 7Hz). 
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i) (3S,5S>3i5-diamino-4-faydiDxyheptane 49 

52 mg of tiiie diamine product 48 in 4 mL methanol was added 50 mg 20% 
Pd(OI^ on carixm aiid 2 drops concentrated aqueous HQ. The mixture was stirred under 
an atmosphere of ^2 for 16 hr. then was filtered and concentrated to provide the titled 
5 coiDponnd (53 as the dihydrochloride salt ^HNMR (CD3OD): 8 3.75(1H, dd; J = 
4.7 Hz), 3.2-3.0(2H. mi. 1.8-1.4(4H. m), 0.9(6H, t; J = 7 Hz). 

j) (3S,5S)-3.5-di-^(caitoben^Ioxyaianyldanyl)aniino-4-hydroxyheptane SO 

To die diamiiie product 49 (87 mg, 0.37 mraol) in 6 mL DMF was added 221 mg 

10 (0.75 mmol) carbobenzyloxyalanylalanine, 1 15 mg (0.75 mmol) HOBT, and 154 mg (0.75 
mmol) DCC. the mixture was stirred overnight tiien was concoitrated, taken up in ethyl 
acetate, filtered, washed with wato" and brine and dried G^gS 04). Removal of solvent 
fdlowed by MPLG (alica; 2% methanol in CHiaz) provided the tided compound (109 
mg). IHNMR (DksO-d6): 5 8.0-7.2(21H. m), 5.0(4H, bs), 4.6(2H, dd; J = 12 Hz), 

15 4.2(2H, m), 4.0(^, m), 3.8(1H, m), 3.7(1H, m), 3.5(1H, dd; J = 4.7 Hz). 1.7-1.3(4H. 
m),l.l(12H,m). 0.75(6H.t). MS(FAB) (M+H)+ 789.3 

Example 11 

Prftpararinn of f3S: SS^-3 -S-di-ralanvlalanvnamino-4-hvdroxvhePtane 51. 
20 to the product 19 (4.5 mg) in 1 mL DMF was added 10 mg of 20% Pd(0H)2 on 

carbon. Hie mixture was stirred under 1 atmosphere of H2 for 6 hr, tiien was filtered and 
concentrated 10 provide die tided conqwund (3 mg). ^HNMR (CD3OD): 5 4.3(2H, m), 
3.8(2H, m), 3.7(1H, m). 3J(ia m), 1.8-1.2(16H. m). 0.8(6H, dt). 

25 g^ampig U 

PHT^^tinn of ns. 5S)-3 S-di-fcarbobenzvloxwalvl)amino-4-hvdroxvheptane52. 

To 133 mg (0 J mmol) Cbz-Vsl in 2 mL THF at -40°C was added 65 uL (0.5 
mmol) of NMM and 65 |iL (0 J mmol)of isobutylchloroformate. After stirring for 10 min 
a solution of 25 mg (0.17 mmol) diamine hydrochloride 1 and 50 jiL NMM in 1 mL DMF 

30 was added. The inixture was dowly warmai to 20''C and stirred overnight, tiien was 
diluted witii ediyl acetate, washed widi 5% HCl, 5% NaHC03, and brine and die organic 
layer, was concentrated. The residue was purified by flash dtaomatography (etfiyl 
acetaierhexanes) tp provide die tided compound (18 mg). ^HNMR (CDQs): 5 7.5- 
7.3(10H, m), 6.9(1H, bd), 6.35(1H, bd), 5.5(1H, bd), 5.25(1H. bd), 5.1(4H. bs), 4.0- 

35 3.1(6H, m), m), 2.0.1.4(4H. m). 1.0-0.8(18H, m). MS (FAB): m/z 

613.2(M+H)+. 
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E?tamplc 13 

PrCParatign of f4S. 6S)-4.6-diamino-5-hvdmxv-? R.rfiniethvl-1«-nnn«n e dihvrimrhlnrirtP 
58. 

a) (4R, 6RH.6-dihydroxy.5-ben2yioxy.2,8-diinethyl-l,8-nondiene 53 
5 ToasuspenrionofQd(192mg.l.0nimd)mether(2mL)at-60»Cwasadded 
isopiopenyllithiuin (52 nuL, 2.0 nunol; 0.38 M in ether; fieshly prepared fiom 2- 
fanmopropene and lidiium wire). The mixture was wanned to -45''C, then lecooled to - 
78«C A solution of Wsepoxide 33 (60 mg, 0.29 mmol) in ether (5 mL) was added TTie 
mixture was aUowed to warm to O^C over 2 hrwidi stilling. The mixture was diluted with 

10 ether and washed with 5 mL of 1:1 concentrated aqueous «mmftqiff:n;nniratfd NH4CL The 
organic layer was dried over MgS04 and concentrated to provide the titled compound (81 
mg, 96% yield) as a colorless solid. »HNMR (0)03); 5 7.3(5H. m), 4.9(1H bs), 
4.85(1H, bs), 4.80(1H, bs), 4.75(1H, bs). 4.65(1H. d; J = 12 Hz), 4.58(1H. d; J = 12 
Hz). 4.0(2H, m), 3.3(1H. dd; J = 2 J Hz). 2.55(1H, d; J = 6 Hz), 2.55(1H. d; J = 4 Hz), 

15 2.5-2.1(4a m). 1.7(1H, s). MS(DCI,NH3) (M+H)+ 291.4 

b) (4R, 6R)-4,6-dihydroxy-5-benzyloxy-2,8-dimethyInonane 54 

To Ac product 53 (105 mg. 0.38 mmol) in CR2CI2 (ImL) was added 55 mg 
lr(COD)Py(PCy)3PF6 (Crabtree catalyst). The mixture was stined for 6 hr under 1 
20 amwsphere H2, then was filtered and concentrated to provide die tided compound (1 10 mg. 
100% yield). IHNMR (0003): 8 7.3(5H, m). 4.6(ia dd; J = 12 Hz). 4.0(2H, m). 
3.1(1H. bs). 2.7(2H, bs), 2.0-l.l(6H, m). 1.0-0.8(12H. m). 
MS(Da.NH3) (M+H)+ 295.4. 

25 c) (4R. 6R)-4,6-Di.(metiianesulfonyloxy).5-ben2yloxy.2.8-dimeUiylnonane 55 

Mcthanesulfonyl chloride (0.25 mL) was added diopwise to diol 54 (93 mg) in 
pyridine (1 mL) at 0»C The mixture was aUowed to warm to 25*C. After 10 hr the mixture 
was diluted with cold 6N HCi (10 mL) and extracted with CH2CI2. The organic extract 
was washed witii 3% NaHC03, dried over MgS04, and concentrated. The residue was 

30 purified by flash chromatography to provide the tided compound (210 mg). ^HNMR 

(CDCI3): 8 7.4(5H, m). 5.0(1H, m), 4.8(1H. d; J = 12 Hz). 4.7(1H, m). 4.6(1H. d; J = 
12 Hz), 3.85(1H. dd; J = 4.7 Hz), 3.0(3H, s), 2.9(3H, s), 2.0-l.l(6H, m). 1.0-0.9(12H. 
m). 

35 d) (4R. 6R)-4.6-dia2ido-5-benzyloxy-2.8-dimcthylnonane 56 

To die product 55 (210 mg) in 2 mL DMF was added 870 mg (15 mmol) NaNs. 
The mixture was heated to 70»C for 7 hr. flien was cooled and diluted widj ethyl acetate. 
The filtrate was concentrated and dw residue was purified by MPLC (ethyl acetate:hexanes 
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1:20) to provide the tided compound (52 mg). »HNMR(CDa3): 87.3(5H,m), 
4J5(2a dd; J = 12 Hz), 3.4-3.15(3H. m), 2.0-l.l(6H. m), 1. 0-0.75(1 2H. m). 

c) (4S, 6S)-4,6-djaniino-5-ben2yIoxy-2,8-diinediylnonane 57 
5 To the pnxhicl 56 (52 mg, 0.15 mmol) in THF (3 mL) was added 80 mg LiAlH4 (2 

mmol) at O'C The mixnne was stilted at 25*C overnight, then was quenched with IN 
NaOH and dUuted widi edier (50 mL). Filtration and concentradon provided die tided 
compound (44 mg) as a colorless oiL »HNMR ((3)03): 5 7.3(5H, m), 4.6(2H, dd; J = 
12 Hs), 3.1(ia m). 3.05-2.95(2H, m), 1.9-1.1(6H. m). 1.0-0.8(12H. m). 

10 

f) (4S, 6S)-4,i5-dianrino-54iydroxy-2,8Hdimediyl-l,8-nonane dihydrochloride 58 

To 1^ mgof diamine 57 in 10 mL medumol containing 5 drops of cone. HQ was 
added 100 mg 20% Pd(OI02 on carbon. The mixture was stined overnight under 1 atm 
H2, then was filtertd and concenirated to provide die tided compound (75 mg). ^HNMR 
15 (CD3OD): 5 3.7(ia m), 335(1H. m). 3.2(1H, m), 1.8-1.0(611. m), 0.99-0.8(12H,m). 
MS(DCI, NH3) (M+H)+ 203.2. 

Example 14 

Preparation of (4Si6S)-4,6^ii-(caitx)benzyIpx3^anyIalanyl)anaino-5-hydioxy-2,8- 

20 dimetiiyl-l,8-nonane 59 

To die product 58 (44 mg. 0.15 mmol) in 2 mL DMF was added 1 10 mg Cbz- 
AlaAla (0375 mmol), 58 mg (0.375 mmol) HOBT. and 72 mg (0.375 mmol) DCC. The 
mixttue was stirred for 48 hr at 2S*'C dien was diluted with 20 mL ediyl acetate and 
filtered. The filttate was concentrated and die residue was purified by MPLC (gradient, 0- 

25 5% metiianol in CH2a2) to provide the tided conqwund ©4 mg). iHNMR (CD S 

8.0-7.2(2ia m), 5.0(4H, overlapping dd), 4.2(2H. m). 4.0(4H, m), 3.5 (IH, br s). 
1.7-1.15(18H. m). 0.9-0.7(12H. br t). 

Exampte 1? 

30 Pmpararion of r4 S:6SV4.6.di.fal«nvlfllflnvnaiTiino-5-hvdroxv-2.8-dimethvl-l .S-nonane 

To die product 59 (12 mg) in 2 mL DMF was added 50 mg of 20% Pd(0H)2 on 
carbon. The mixture was stined undCT 1 atmo^here of H2 for 10 hr. dien was diluted with 
methanol, filtered and concentrated to provide die tided compound (7.5 mg). ^HNMR 
35 (CD3OD): 5 4.25(2H. m), 3.8(1H, m). 3.65(2H, m). 3.1(1H, bd). 1.6-1.1(18H, m), 
0.7(12H,bd), MS(FAB) (M+H)+ 487. 
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10 



Example 16 

Preparation of f4S. 6SV4.6-di-fcarbobenzvloxv^amino.5.hvdroxv.2.«^ini.^^tiyl.1 , ft. 

nonanc (fit 

To 6.0 mg of the bis-amine hydrochloride produa 58 in 0.5 iiiL CR2Q2 at 20«C 
were added 5 mL tiiethylamine and 10 mL benzyl chlorofiDmiate. After 3 hr sdiiing. the 
nnxture was applied to a silica column and eluted with CH2Q2 followed by ether to 
provide the dtled compound (4.6 mg). »HNMR (GDQs): 6 7.3(10H, bs), 5.1-4.9 (6H, 
m), 3.9-3.7(2H, m). 3.5-3.35(2H, m; IH exchangeable with D2O). 1.7-1.5 (4H, m), 
1.3-1.2 (2H, m), 1.1-0.8 (12H, m). 



E?mmplc 17 

Preparation of (2S. 4S V2.4-di-(p-toluenesulfonvnamint>.^-hvrimxv.l ..S-Hiphpnylpftntanf. 

The tided product was prepared by sulfonyladon of compound 40 (Example 9) with 
15 p-toluenesulfonylchtoride in niethylene chloride and triethylamine. IHNMR (250 MHz, 
0)03) 8.0-6.8 (m. 18H). 5.5 (d. IH, JsTHz). 5.2 (d. IH, J=7Hz). 3.2-3.7 D(m. 4H), 
2,4-2.7 (m, 4H), 2.5 (s. 3H), 2,45 (s, 3H). 



Enzyme InhiWtinn 

20 

Inhibition of HIV protease activity 

The inhibition assay has been previously described in Dreyer et al. Proc. Nad. 

Agad. Sffi. USA. M. 9752-9756 (1989) and Moore et al. Bioch. Bionh. Res r/im 152, 

420 (1989). A typical assay contained 10 mL MENDT buffer (50 mJ^I Mes (pH 6.0; 2-(N- 

25 moipholino) cthanesulfonic acid), 1 mM EDTA, ImM dithiothreitol, 200 mM NaCl, 0.1% 

•niton X-100); 2, 3, or6 mM N-acetyl-Uarginyl-L-alanyl-L-seiyl-L-glutaminyl-L- 

aspaiaginyl-L-tyrosyl-I^proIyl-I,vdyI-L-valinamidc(Ac-Arg-Ala-Ser-Gta-Asn-Tyr-Pro- 
Val-Val-NH2; Km = 7 mM); and micromolar and subndcromolar concentrations of 

synthetic compounds. Fdlowing incubation at 37°C for several minutes, die reaction was 
30 initiated widiO.001-0.10mg purified HIV protease. Reaction mixtures (37''C) were 

quenched after 10-20 minutes witii an equal volume of cold 0.6 N tridiloroacetic acid, and, 
following oentrifugation to remove precipitated material, peptidolysis products weic 
analyzed by reverse phase HPLC (Beckman Ultrasphere ODS, 4.5 mm x 25 mm; mobile 
phase; 5-20% acetonitrilc/H20 - .1% TFA 915 min.), 20% acetoninile/H20 - .1% TFA (5 
35 min) at 1 .5 mL/min, detection at 220 nm. The elution positions of Ac-Arg-Ala-Ser-Gln- 
Asn-iy-Pro-Val-Val-Nm (17-18 min) and Ac-Aig-Ala-Ser-Gln-Asn-Tyr (10-1 1 min) 
were confirmed with authentic material Initial rates of Ac-Aig-Ala-Ser-Gln-Asn-Tyr 
firamation were determined from integration of these peaks, and typically, the inhibitory 
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properties of the syndietic compounds were detennined finm slq)e^tercept an^ysis of a 
plot of 1/v vs. HnMbitor] (Dixon analysis). Kj values resulting ftom this type of primary 
analyas are accurate £or competitive inl^itors only, and under conditions in which the 
NfichaeUs cisnstant of die substrate usoi is well-detennined. 
5 It is deniable £ar the compounds of diis invention to have Ki values less than 50 

pM, preferably tess than 10 mM and more preferably less than 1 (iM. 

Fdlowing die procedures set fordi herein and the teachings of the foregoing 
exanq)les die conipbunds set fordi in die following Table can be prepared having die 
structure and die sul^tuent groups as designated dierein. 

10 

Tnhihitinn of rHIV-1 Protease 
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3 


p-AlaVal 


i-Bu 


4 


Cbz-AlaAla 


i-Bu 


105 


BocAla 


i-Bu 


6 


AcAlaAsn 


i-6u 
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AcGlnAsn 


i-Bu 
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Cis-PheAIa 


i-Bu 
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trifluoroAlaAbi 


i-Bu 


110 
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Ph(CH2)2CO 
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115 
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4 


Cbz-Ala 


PhCH2 
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n-Pentyl 
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Cbz-Val 
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Cbz-Val 


3-Napthyl-CH2- 
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Cbz-Val 


2-Butynyl 
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Cbz-Val 


3-Indoylinethyl 


135 


Cbz-Val 


trans-3-phenyl-3-propenyl 


6 


Cbz-Val 


N-Piperidinyl-CH2- 


7 


Cbz-Val 


N-Moipholinyl-CH2- 


8 


Cbz-Val 


(CH3)2N-CH2 


9 


Cbz-Val 


t-ButylNH-CH2- 
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N-Imidazoyl-CH2 


1 




PhC0NH-CH2 




KAJt^ V cU 


N-Indoyl-CH2 






t-ButylC0NH-CH2 






B0CNHCH2 




Chz-Val 


NH2CH2 


A 

VI 


Cbz-Val 


N-benziniidaz(dyl 


7 


Cbz-Val 


PhCH20-CH2 


o 




PhO.CH2 


0 


^l/£r T CU 


CH3(CH2)20-CH2 






CH3O-CH2 


t 
1 




(CH3)2CHO-CH2 




Phr-Val 


t-Butyl-0-CH2 






(CH3)2CHCH20-CH2 


*l 




CH3CH2(CH3)CHO-CH2 




Oir-Vnl 


Cyclohexyl-0-CH2 


v 


Cbz-Val 


PhCH20CH20-CH2 


7 


Cbz-Val 


CH3OCH2O-CH2 


o 


Cbz-Val 


CH3OCH2CH2OCH2OCH2 




Oiz-Val 


CH3S-CH2 




Cbz-Val 


PhS-CH2 


1 

X 


Cbz-Val 


(CH3)2CHS-CH2 


7 

^ .' 


Cte-Val 


CH3(CH2)2S-CH2 


3 


Ojz-Val 


CH3(CH2)3S-CH2 


4 


C3)z-Val 


CH3S(0)-CH2 


165 


Qjz-Val 


CH3S(0)2-CH2 


6 


Cte-Val 


PhS(0)2-CH2 


7 


C3)z-Val 


i.Propyl-S(0)2-CH2 


Q 
O 


V^*i » CU 


n-PropyI-S(0)2-CH2 


9 


Gbz-Val 


n-Butyl-S(0)2-CH2 


170 


Cte-Val 


(Ph20)2P(0)-CH2 


1 


Cte-Val 


(CH30)2P(0)-CH2 


2 


Cte-Val 


(n-ButylO)2P(0)-CH2 


3 


Cte-Val 


(EtO)2P(0>CH2 


4 


. Cte-Ala 


(CH30)2P(0)-CH2 
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TABLE n 



0 

n 





y1 on/l V2 


R* and R'^ 


1 
X 


£1 


ethyl 


It 


Ala AIa 


ethyl 


o 


C02-Vax 


ethyl 










IT 


1-Bu 


u 




i-Bu 


7 


uoz- 


1-Bu 


g 


Chy-Vfil 




201 




« X>%\ 


2 


B-Ala 


1-oU 


3 


B-AlaVal 


1-OU 


4 


Chz-AlaAlfl 


1*I>U 


205 


BocAIa 




6 
• 


AcAlflAsn 


I"DU 


7 


AcGlnAsn 




8 


Cbz-PhcAIa 


i-Bu 


9 


trifluoioAIaAla 


i*Bu 


210 


CbZ'trifluiorAlaAla 


i-Bu 


1 


trifluoioAla 


i-Bu 


2 


a)z-trifluoiT)AIa 


i-Bu 


3 


Ph(CH2)2CO 


i-Bu 


4 


Boc 


i-Bu 


215 


Ac 


i-Bu 


6 


PhS02 


i-Bu 


7 


HCO 


i-Bu 


8 


Propionyl 


i-Bu 


9 


i-Butyiyl 


i-Bu 


220 


Ph(CH2)2CO 


i-Bu 


1 


PhS02Val 


i-Bu 


2 


Phcnyllactoyl 


i-Bu 
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3 


PheiQrUactoyI>Val 


i-Bu 


4 


Cbz-AIa 


PhCH2 


225 


Cbz-Val 


i-Butei^l 


6 


Cbz-Val 


2-Piopenyl 


7 


CSw-Val 


3-ButBnuyl 


8 


a»-Val 


n-Pentyl 


9 


Cbz-Val 


Ph(CH2)2- 


230 


Q»-Val 


Cyclohe3tyl-CH2- 


1 


Cbz-Val 


2rNapd»yl-CH2- 


2 


Cbz-Val 


3-Nap%l-CH2- 


3 


Cbz-Val 


2-Butynyl 


4 


Cbz-Val 


3-Indoylmetfiyl 


235 


Cbz-Val 


trans-3-phenyl-3-propenyl 


6 


Cbz-Val 


N-Piperidiiiyl-CH2- 


7 


Cbz-Val 


N-Motpholinyl-CH2- 


8 


Cbz-Val 


(CH3)2N-CH2 


9 


Cbz-Val 


t-fiutylNH-CH2- 


240 


Cbz-Val 


N-Lmdazoyl-CH2 


1 


Cbz-Val 


PhC0NH-CH2 


2 


Cbz-Val 


N-Lidoyl-CH2 


3 


Cbz-Val 


t-ButylC0NH-CH2 


4 


Cbz-Val 


B0CNHCH2 


245 


Cbz-Val 


NH2CH2 


6 


Cbz-Val 


N-benzamidazolyl 


7 


Cbz-Val 


PhCH20-CH2 


8 


Cbz-Yal 


PhO-CH2 


9 


Cbz-Val 


CH3(CH2)20-CH2 


250 


Cbz-Val 


CH3O-CH2 


1 


Cbz-Val 


(CH3)2CHO-CH2 


2 


Cbz-Val 


t-Butyl-0-CH2 


3 


Cbz-Val 


(CH3)2CHCH20-CH2 


4 


Cbz-Val 


CH3CH2(ai3)CHO-CH2 


255 


Cbz-Val 


Cyclohexyl-0-CH2 


6 


Cbz-Val 


PhCH20CH2Q-CH2 


7 


Cbz-Val 


CH3OCH2O-CH2 


8 


Cbz-Val 


CH3OCH2CH2OGH2OCH2 


9 


V Cbz-Val 


CH3S-CH2 
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ZOU 






1 
1 


Vol 




«5 
Z 


r^kl* Vol 




D 


OLfc- Vol 

UDz-vai 


uri3^ui2o^'^"2 


A 


Cuz-Val 


^^3'^v^/"^^2 




Cbz-Val 


Ui3b(0)2-CH2 


0 


Chz-Val 


Fn5(0)2-CH2 


7 


Cbz-Val 


i-Fropyl-S(0)2-CH2 


8 


Cbz-Val 


n-Fropyl-S(0)2-CH2 


9 


Qjz-Val 


n-Butyl-S(0)2-CH2 


270 


Cbz-Val 


(Ph20)2P(0)-CH2 


1 


Cbz-Val 


(CH30)2P(0)-C3l2 


2 


Cbz-Val 


(n-ButylO)2P(0)-CH2 


3 


Cbz-Val 


(EtO)2P(0)-CH2 


4 


Cbz-AIa 


(CH30)2P(0)-CH2 
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1. Acoxxipoundoftheformulalorll: 

RV R2 ri r2 

Ao O 
5 I n 

wherein Xl and X2 aie the same or different and are A-(B)n- where n = 0-2; and 

B is, independently, an a-amino acid chosen finom the group: Ala, Asn, Cys, Tip, 
Gly, Ghu ne. Leu, Met. Phe, Pro. Ser, Thr, Tyr, Val, His, or triiluoroalanine, wherein the 
10 amino group of B is bonded to A or the carboxy group of the adjacent residue B, whichever 
is appropriate, and the carboxy group of B is bonded to the amino group of the adjacent 
residue B orl or n, whichever is appropriate; and 

A is covalently attadied to die amine group of the adjacent residue B or to the atnine 
group of I or nif n;^, and is: 
15 1) trityl, 

2) hydrogen, 

3) Ci-G6alkyl, 

4) r3<X)- wherein r3 is: 
a) hydrogen, 

20 b) Ci - C6 alkyl unsubsrituted or subsrimted with one or more 

hydroxyl groups, chlorine atoms, or fluorine atoms, 

c) phenyl or naphthy 1 unsubstituted or substituted with one or more 

subsdtuents R^, whwein R^ is: 

i) Ci- C4alkyl, 

25 ii) halogen, whrein halogen is F, Q, Br or I, 

iii) hydroxyl, 

iv) nitro, 

v) C] - C3 alkoxy, or 

vi) -CO-N(R10)2 wherein rIO is, independendy, H or Ci-C4alkyl; 
30 d) a5H7niemberheterocyciesuchaspyridyl,furyl,orte 

5) phthaloyl wherein the aromatic ring is unsubstimted or substituted with one 

or more substimtents R^, 

6) r5(r6r7c)0i-CO wherein m = 1-3 and r5, r6 and R? are independendy: 

a) hydrogen, 
35 b) cWorine or fluorine. 
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c) Ci - C3 alkyl unsubstimted or substituted with one or more chlorine 
or fluorine atoms or hydroxyl groups, 

d) hydroxyl, 

c) phenyl or na^)hthyl unsubstituted or substituted with one or more 
5 substitutents R^, 

0 Ci - C4 alkoxy, 

g) a 5-7 member hcteiocycle, 

h) r5, r6, and R^ may be indepcndcndy joined to fonii a monocyclic, 
bicyclic, or tricyclic ring system each ring of which is C3-C6 cycloalkyl; 

10 7) r5(r6r7Qjj,W- wherein m « 1-3 and W is OCO or SO2 and r5, r6, and 

r7 arc as defined above, except r5, r6 and r7 arc not chlorine, fluorine or hydroxyl if 
they arc adjacent to W; 

8) r8-W- wherein r8 is a 5-7 member hetcrocycle such as pyridyl, fiiryl, or 
benzisoxazoyl; 

15 9) r9.W- wherein r9 is phenyl or naphthyl unsubstimted or substituted with 

one or more substituents R^, 

10) R5.(R6R7c)i„-P(d)(ORl !)• wherein R1 1 is Ci - C4 alkyl or phenyl; 

11) R8-P(0)(0R11>; or 

12) R9.P(0)(0R11).; 

20 and r2 are the same or different and are: 
1) -CH2RI2 wherein Rl2 is 

a) NH-A wherein A is defined as above; 

b) r5-(r6r7c)^.; 

c) r5.(r6r7c)jjjV- wherein V is 0 or NPi, except r5, r6 and R^ are 
25 not hydroxy], chlorine or fluorine if th^ are adjacent to V, 

d) R5-(R6R7c)j„.s(0)n- wherein m = 1-3 and n = 0-2 and r5, r6 
and r7 are as defined above except r5, r6, and r7 are not hydroxyl, chlorine or fluorine if 
th^ are adjacent ID sulfur, 

. e) R8-S(0)n-. 
30 f) R9-S(0)n-. 

g) (R130)P(0)(0R14)- wherein Rl3 and Rl4 are. independently: 

i) Ci-Ce alkyl. 

ii) C3-C6 cycloalkyl, 

iii) H, 

35 iv) r9. 

V) R8. 

h) Rl3p(0)(ORl4).. 
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0 N(RlO)2, 

j) NR15r16 wherein r15 and R^^ arc joined to fonn a 4-6 membered 
saturated nitrogenpus heteiocycle including: 
i) azetidinyl, 
5 ii) pynolidinyl, 

iii) piperi(finyl, 

iv) morpholinyl, 

k) r170CH20 wherein r17 is: 

• i) Ci-Ceallvlt 
10 ii) 

iii) CH2Ar wherein Ar is phenyl, naphdiyl or a 5-7 membered 

heterocycle, 

1) Rl70C3l2CH20CH2. 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted 
15 by a substituent R*. 

n) N-B»zimidazolyl where the fused benzene ring is unsubsdtuted or 
substituted by one or more substituents R^, 

o) C2 - Cg alkynyl, optionally substituted with one or more groups r9; 

or 

20 P) C2-C6alfcenyl,oprinally substituted with one or more gropusR^; 

2) hydrogen, 

3) Cj - C(5 ali^l, unsubstituted or substituted with one or more chlorine or 

fluorine atoms or hydroxyl groups, 

4) C3 - G7 cycloalkyl; and phamjaceutically acceptable salts thereof. 

25 

1 A conqKmnd as defined in claim 1 wherein the con^und has the structure I and 
wherein Rl = r2 and Xl = X2 

3. A con^und as defined in claim 2 wherein R^ and R^ arc Ci-Cgalkyl. 

30 

4. A compound as defined in claim 2 wherein rI and R^ are benzyl. 

5. A compound as defined in claims 1-4 wherein and X^ are selected from 
AlaAIa, Val* Cbz- Val. Cbz or hydrogen. 

35 
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& A conq)ound of claim 1 wherein the protease activity inhibitor constant Ki is less 
Aan about 10 ^NL 

7. A conq)ound according to claim 1 for use in a niedicamcnt 

5 

8. A pharmaceutical composition comprising a compound according to claim 1 and 
a phaxmacetically acceptable carrier* 

9. A method of treating infection by a retrovirus which comprises administering a 
10 compound according to claim 1. 

10. A metiiod according to claim 9 wherein the retrovirus is the Human 
Immunodeficiency \^rus type 1, 

15 11, A process for preparing a compound of the formula: 

R' R' 

R'^R-N^^'^'^I^NR'-R*^ 
OR* 

wherein R* is 

1) a) NH-A wherein A, RW and m are as defined in claim 1; 
20 b) R5-(R6r7q^.; 

c) r5-(r6r7c)^ V- wherein V is 0 or NH, except r5, r6 and r7 are not 
hydroxy], chlorine or fluorine if they are adjacent to V, 

d) R5-(R6R7q)„.S. wherein m = 1-3. and r5, r6 and r7 are as defined 
above except r5, r6 and R7 arc not hydroxy], chlorine or fluorine if they are adjacent to 

25 sulfur, 

e) R8.S-, 

f) R9-S-, 

g) (Rl30)P(0)(ORl4). wherein Rl3 and Rl4 

are, independendy: 

i) Ci-Ceallcyl. 
• 30 ii) C3-C6cycIoalkyl, 

iii) H, 

iv) R9 or 
V) R8. 

h) Rl3p(0)(ORl4)., 
35 i) N(RlO)2, 
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j) NRI5r16 wherein r15 and R^^ arc joined to fonn a 4-6 membered 
saturated nitrog^ heterocycle including: 

i) azeddinylt 

ii) pyrrolidinyl, 

5 iii) piperidinyl, or 

iv) moipholinyl, 
k) r170CH20 wherein r17 is: 

i) Cl-C^alkyl, 

ii) r9 or 

10 iii) CH2Arwhercin At is phenyl, naphthyl or a 5-7 membered 

hetetDcycle, 

1) RI70CH2CH2OCH2, 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted by 
ESubstituentR^, / 

15 ri) N-benzimidazoIyl where the fused benzene ring is unsubstituted or 

substituted by one or more substituents R^ 

0) C2-C6 alkynyU optionally substituted with one or more groups R^; or 
P) ^2*^ alkenyl, optionally substituted with one or more groups R^; 
2) hydrogen, 

20 3) Ci-Cg alkyl, unsubstituted or substituted with one or more chlorine or fluorine 

atoms or hydroxyl groups, or 
4) Cs-Cjcycloalkyi; 

R" is a hydroxyiprotecting group, R"' and R*^ are hydrogen, an amino-protecting group 
or taken togetiier are N2» 
25 which comprises 

1) reacting a connpound of the formula: 

. 30 witfi a compound R'-Z, wherein Z is a moiety which renders R nucleophilic, 

2) converting die resulting hydroxy groups to displaceabie groups, and 

3) reacting the displaceabie groups with a nitrogen nucleophile. 
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12. A compound of the formula: 




OR" 

m 

5 wherein R' is: 

1) a) NH-A wherein A, R5 - RlO and m are as defined in claim 1- 

b) R5.(R6r7q„.; 

c) r5.(r6r7c)„ V- wherein V is O or NH. except r5. r6 and r7 are not 
hydroxyl, chlorine or fluorine if they are adjacent to V, 

10 d) r5.(r6r7q„.s. wherein m = 1-3. and r5 r6 and r7 are as defined 

above except r5 r6 and r7 are not hydroxyl. chlorine or fluorine if they are adjacent to 
sulfur. 

e) rS-S-. 

f) R9.S-. 

g) (Rl3o)P(0)(ORl4). wheitdn r13 and R ^ are. independendy 

i) Ci-Cfialkyl, 

ii) Ca-Cgcycloalkyl, 

iii) H. 

iv) r9 or 
20 V) r8. 

h) Rl3p(0)(ORl4). 

i) N(RlO)2, 

j) NR15r16 wherein r15 and r16 are joined to foim a 4-6 membered 
saturated nitrogens hetcrocyde including: 
25 i) azeridinyl. 

ii) pynolidinyl. 

iii) piperidinyl. or 

iv) motpholinyl. 

k) r170CH20 wherein r17 is: 

30 i) Cl-C6alkyl. 

ii) r9 or 

iii) CH2Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) RI7OCH2CH2OCH2, 
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m) N-inudazolyl where the inudazolenng is unsubsdmtedOT 
a subsdtuent R"^, 

n) N-benzixnidazoIyl where the fused benzene ring is unsubsdtated or 
substituted by pne or more substituents R*^. 
5 o) C2-C5 aDcynyl, optionally substituted widi one or more groups R^; or 

P) C2*C6 alkenyl, optionally substituted widi one or more groups R^; 

2) hycbogen, 

3) Cj-Cg alkyi, unsubstituted or substituted with one or more chlorine or fluorine 

atoms or hydroxyl groups, or 
10 4) C3-C7 cycloalkyl; and 

R" is a hydroxyl protecting group. 



13. A compound of the formula: 



HO" >r "OH 
OR- 
IS IV 
wherein R' and R" are as defined in claim 12. 



14. A compound of tiie formula: 

o; 



R"0 

20 V 
wherein R" is a hydix>;^l protecting group. 
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